TAKING STOCK

- North American Pollutant Releases and Transfers

ED_004926A_00000655-00001



i publication was prepared, In pas

v SLE Consulting { Canade) L

Comiss
the vie

Cooperatin PCRSSAY

Canada, Ma

of this doo

made wit

it uses this document

srwise noted

ivati

remerainl-No Der

nationales do Québec, 2018
Tegal deposit ~ Library and Avchives Canuda, 2018

Publication Details

Document category:

Publication dater A

For more information:
Commission for Environmental Cooperation

393, rue St-Jacques Quest, buresu 200
Montreal {Queber)

H2Y IN% Canada

£ 51435043060 £514.350.4314

info

€C.ONg { WWW.CEr.01g

ED_004926A_00000655-00002



ED_004926A_00000655-00003



ED_004926A_00000655-00004



Abstract

Preface
Executive Summary X
Acknowledgments Xi
Introduction
Key Findings &
1. fverview of Borth American Pollutent Belesses and Transfers, 2013 7
Introduction 8
1.1 Scope and Methodology 8
1.2 Top Industry Sectors and Pollutants for the Region 8
1.3 AlloserLook atthe Data 12
2. The Borth American Mining Seclor 25
Introduction 26
2.1 Geographic and Economic Presence of the Mining Industry 28
2.2 Processes and Technologies 41
2.3 Mining Laws and Regulations 45
2.4 Reporting of Pollutant Releases and Transfers by Mining Facilities 54
2.5 Sustainability of North American Mining bz
References 72
3. Releases and Transfers Fom the North Amevican Mining Sector, 2033 #1
Introduction 82
3.4 Scope and Methodology 8z
3.2 Dverview of PRTR Reporting by the North American Mining Sector, 2013 &3
2.3 Understanding Pollutant Releases and Transfers from the Mining Industry 87
1.4 A Closer Look at Pollutant Reporting by Mining Type and Facility g2
3.5 Discussion: Completeness and Comparability of North American PRTR Data
in the Context of the Mining Sector 111
1.6 Conclusion 119
Referances 131
Appendix 1. Using and Understanding Taking Stodk 13%
PRYR Reporting Requirements 125
Which Pollutants Must Be Reported? 125
Which Industries Report? 125

Appendin 2. Maln Pollutants Reported by the North Americen Mining Seclor (2009-2003hk
Summary of On-sHe Belesse and Disposal Data, Sources and Polentizl Effects b
Refersnces 138

ED_004926A_00000655-00005



Maorth American PRETE Data, 2

o

Top 2y Reporied Poliutanis by Total Beleases and Transhers), North America, 2013 13

Top E%ape;sr E d ;w’zr; Sectors for Relesses 1o Aly, and Top Beported Pollutants,

Maorth Americ 16

Top Beporiing Indushy Sectors for Beleases to Water, and Top Reporied Pollutants,

MNorth America, 2 sj-; 7

Sefected Pollutants Beleased to Ay, 2 14

Selacted Pollulants Released to Water, 2013, and 1<

Pollytants Released to Waler by SewsgeTrastment Plants, 2

Setected Minersis and Examples of Thair Uses 25

Examples of Pollutant R{-}i{-zezs@(-}s; Typdeally Assoclated with Production of Some North Amevkan

Mineral Commeoditi 453

Key Federal Laws Regulating Pellution brom the Canadian Mining Sector 4%

Kay Federal Laws Begulating Pollution from the Mexdcan Mining Sectoy 54

Key Federal Laws Regulating Pollution from the United States Mining Sectoy 53

Seterted Characteristios of the North Amaerican Pollutant Release and Transfer Reglsters fs

Hatlonal PRTR Reporting Thresholds for Selacted Mining Pollutaniz 58

Omesite Beporting Categories for esch PRTR Systam [« &

Profiles of PRTR Reporting by the Mining Sector, 2013 8y

Finlng Sector Reporled Releases and Transbers, by Country (3¢ Ax

Natinnal Baporting Thresholds for the Top 10 Mining Sector Polluytants patel

Toxicity Eoubalency Potential (TP Scores for Selected Pollutants Released 1o Alr

and Waler by the Mining Sedior, 2oy o1t

Pollytants spilled at the Obed Coal Mine, Alberta, Lanada, comparad with othey

cosl mines | ) 345

Blabn Mining Pollutents, Means and Vadabilly roog-201a) 114

Major Bnills at Doerating aﬂd Abandoned Mines in North Amerkos In Relation

to PRTR Reporting, 2013 117

PRTRE Coverage Relaths 1o the Hovih American Mining Seclo 3eds)
. Faatuyres of the North American PRYHz 124
. Maln Mining Pollutants Reported to the PRTRs (2

Sumimary of On-sie Belease and Disposal E}ﬁm 55{3{;3:*% amﬁ Poteptial Effects 134
. Main Miniog Pollutants (based on maean annual releases or disposals, soog-zo13) 137

ED_004926A_00000655-00006



tock: Nowth Apserican Pollutant Re 4

ED_004926A_00000655-00007



HSEIOR for Env

ED_004926A_00000655-00008



PaT
POTW
PRTR
RETC

Semarnat

i Resources [M

TEP
TRI
TRS
U5, EPA

ED_004926A_00000655-00009



This edition of Taking Stock examines the 2013 pollutant data reported by industrial facilities in
Canada, Mexico and the United States to thelr national pollutant release and transfer registers
{FRTHs). The goal of the publication is to enhance the understanding of the sources, iocations
and handling of industrial substances o promote potlution pravention and support the integration

of PFRTR data into an overarching framework for managing pollutants in North America.

This vear’s report alse features a special analysis of reporting from the North American mining
industry. 11 describes the processes involved in the extraction of a variety of minerals, as well as
the potential risks associated with the substances generated during these activities. The analysas
of facitity data from the three countries also reveal important gaps in reporting across the region

and provide suggestions for how these discrepancies can be addressed,
Through the presentation of data analyses and information to help readers batter understand
the context of facility releases and transfers, Taking Stock supports enhancemeants of the North

American PRTR programs and promotes informed decision-making, at ali levels, relative to

industrial poliution and environmental sustainability,

wiil Connmission for Envirormentzi Cooperation
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Tam pleased to present the fifteenth edition of the Taking Sfock report, & flagship series of the Commission for
Ervironmental Cooperation (CEC) dedicated to the presentation of data and information on the pollutant releases
and transfers reported by Canadian, Mexican and US industrial facilities to their respective PRTR programs. In

the spirit of the public’s right-to-know, this etfort fosters greater awareness and understanding of the amounts,
sources, and types of induostrial pollutants in North America and supports informed decisions, at all levels, relative to

pollution prevention and reductions.

This year’s Taking Stock special feature, with analyses of reporting by the North American mining sector, is a
significant achievernent in that it erabodies meaningful collaboration among a wide range of stakeholders——inclading
the private sector, governmental and nongovernmental organirations, and academia—on the topic of environmental
sustainability in this important indostry sector, The decision to explore PRTR data from mining facilities resulted
from discussions held during the CECs public meeting in Mexico City in November 2014, during which stakeholders
expressed concerns about uneven levels of reporting from this sector across the region. The CEC then convened a
two-day workshop in December 2015 with North American PRTR officials, mining industry representatives and
technical experts, where sector data and information were examined in the context of national PRTR reporting
requirements, Finally, the draft report sections were reviewed by a number of individuals representing different
stakeholder groups and viewpoints. The resulting document is thus the product of a truly collaborative and

constructive effort.

As described in the report, a closer examination of the mining sector data reveals some important discrepancies that
can be associated with inconsistencies among the national PRTR programs in relation to key areas of reporting, The
analyses also vield insights into the limitations of existing PRTR reporting requirements with respect to the issue

of legacy contamination, and related potential enhancements to the national programs to enable better tracking of
pollutants in the case of an accident or spill. Sharing information and ideas on how to improve the completeness,
quality, and comparability of PRTR data across the region is central to the North American PRTR initiative, as

described in the Action Plan to Enhance the Comparability of PRTRs in North America,

Through the Taking Stock effort and ongoing engagerment of stakeholders, the CEC maintains its commitment o

promoting dialogue and collaboration on the subject of industrial pollution, and to enbance the public’s access to

North American PRTR data through the Taking Stock Online website and searchable database. In order to improve
the utility and interpretation of the data, we recently added functionality to Taking Stock Online that enables queries
according to Morth American watershed, and are planning more enhancements for the coming year. As always, we
welcome vour suggestions on how Taking Stock and the North American PRTR initiative can evolve to support vour

needs and do more to help ensure a healthy, shared environment,

César Rafael Chavez

CEC Executive Director
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This edition of Taking Stock examines the data on polletant releases and transfers from North American industrial
facilities for 2013, the latest data available from all three countries at the time of writing. These data are reported to the

three national pollutant release and transfer registers (FRTRs} of the region, namely:

The report shows that indastrial facilities reported almost 5.23 billion kg in releases and transters, with a few major
industry sectors, and a relatively small number of pollutants, accounting for important proportions of the total. In
order to provide some confext for the data, Taking Stock addresses the topic of risk, providing additional information
about the factors that need to be considered to assess the potential for harm to hwman health or the environrment from
the release of a given pollutant; and through the incorporation of available pollutant toxicity equivalency potentials

{TEPs) for air and water releases.

A consistent theme throughout this report is that of differences among the national PRTR programs relating to
reporting requirements for key industry sectors and pollutants, A closer ook at reported releases to water by the waste-

water treatment sector reveals the frupacts of these inconsistencies on the pictore of pollatant discharges 1o a shared

watershed. Taking Stock also provides information relating to releases to air from North American electric utilities, and

the initiatives that have contributed to decreases in these emissions over time,

The special feature analysis on reporting by the mining sector reveals wide variations in data across the region - relating
to the amounts and types of pollutants reported, and the types of mines reporting the largest releases and transfers. The
report shows that Canadian and US. mines accounted for the vast majority of reporting, with this discrepancy being

due, in large part, to the inconsistencies among national PRTR reporting requirements. The insights gained from this

in-depth analysis are intended to inform future improvements to the PRTR programs relative to this important sector,

Through the presentation and analysis of PRTR data, Taking Stock seeks to enhance awareness and understanding of

the sources, locations and types of pollutant releases and transfers across the region, and promote greater data compa-
rability and increased dialogue across borders and industrial sectors. In this way, the report furthers the CEC objectives
of providing information for decision-making and facilitating collaboration and public participation to foster conser-

vation, protection and enhancement of the North American environment.
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This report was brought to fruition by the efforts of members of the CEC Secretariat and in particular, the Bnviron-
mental Quality Unit: Orlando Cabrera-Rivera, Head of Unit; Danielle Vallée, Project Lead; and Zakir Jafry, Tools and
GIS Coordinator. The publications staff of Douglas Kirk, Jacqueline Fortson, Johanne David and Marilou Nichols
undertook the editing, translation and publishing of the report in three languages. Layout and graphic design were

done by Gray Fraser,

The report’s feature analysis of releases and transters from the mining sector would not have been possible without the
expert contribution of the SLE Consalting team of Joan Bamer, Principal Consultant and lead author, and Christina
Brow, Project Engineer, whose hard work, dedication and insights resulted in an accessible and understandable presen-
tation of information on this important but compley industry sector.

The CEC also wishes to acknowledge the time and expertise contributed by the following individuals and organizations
to review the data and information at varicus stages in the development of this report:
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- DeVito, Sandra Gaona, and Diana Wakliler — 118 EPA
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Jody Rosenberger, Paulo Costa, Cynthin Tremblay, Sarah Bennett, and Divian Morgan - Environment and
Climate Change Canada

Ernesto Navarro ~ Becretaria de Medio Ambiente v Recursos MNuturales {Semarnat)
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Finally, the CEC wishes to recognize the invaluable support provided by Pangaea Information Technologies, Lid,

along with the CRCs Information Technology staff of Jean-Sébastien Goudet, Cezar Anghel, and Mireille Pasos, for
the development of the Taking Stock Online website, <www.cec.org/takingstock/>. In the spirit of right-to-know, the

searchable North American PRTR database provides access to data and information o support decisions at all levels

to protect our shared environroent,
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This edition of the Tuking Stock report presents data and information on the sources, types and amounts of pollutants
released and transferred by industrial facilities in North America for 2013, the latest data available for all three coun-
tries af the time of writing. The data are taken from the national PRTR prograrus, which are:

o Canadas National Polltant Belease Inventory {NPRI);

e annual dats

1o reduce the el

s locating wi

More than 5 billion kilograms in pollatant releases and transfers, representing reporting from approximately 27,000
facilities and almost 200 industry sectors, are analyzed in this report. The data show, however, that a relatively small
number of sectors and pollutants accounted for a majority of releases and transfers in 2013, and that reporting was by
no means uniform across the region. While this is certainly due, in part, to each country’s industrial composition and

sive, it is also the result of other factors, not the least of which are differences among the three PRTR programs.

This years report inclades a special feature analysis of reporting by the mining industey. This important economic sector-—
mchuding coal mining, metal ore mining, and nonmetallic mineral mining and quarrying— has consistently been among

the top reporting sectors in North America for releases and transfers. A key objective of this special feature analysis is to

provide additional information abouot specific mining activities and waste management practices across the region, the

pollutants they generate, and the potential issues that can arise when these substances enter the environment,

ED_004926A_00000655-00015



The information presented about North American mining activities and processes highlights the fact that the potential
risks to human health or ecosystems from the extraction of minerals are not necessarily those usually associated with
manufacturing or other industry sectors, but are often related to the accumulation over time of farge quantities of pol-
futants that must be properly managed on site,

The report examines the data for the mining industry by specific mining type and sheds light on the factors contrib-
uting to the wide variations seen across the region, including key differences among national FRTR reporting require-

ments relating to a specific waste management practice common to the sector, and to certain pollutants associated with
mining activities in North America.

'Thmugh the preﬂemation and analysis of data and infarmati«;}ﬁ for thh in*apmtant sector, the T l\, i1g ‘aiad\, upmt

!kaé.’ information on pﬂﬁutaml releases and tmmiem pubhdy m;g,em;bie to support pollution prevention and promote

environmental sustainability within industry.
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Appendix 2: Main Pollutants Reported by the North American Mining Secior {ma}g; ek ﬁammaw of Ol
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For more information about the pollutants reported in the three countries and comprising the latest Taking Stock dataset,
readers can consult the List of Pollutants Reported to the North Arerican PRTRs at <PRTR Reporting Requirements>.
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Accessing North American PRIE Data
through Taking Stock Online

In addition to the analvses found in this report, vou can use Taking Stock Online, the integrated, North American
5 4 el 3

PRTR database {www.cec.org/takingstock), to answer your questions about pollutant releases and transfers by year,

faciiity, location, p@ﬂutaﬁt, ar industi’y sector, For instance:

L2
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Doy yvour want to know the Industries reporting the largest alr releases bn vour siabe, province, or terfon?

Under “Report Type,” select “Industry Report”

: Under “Year,” select one or more years

Under *Location,” select your state, province, or territory

= Under “Release and Transfer Types,” select “On-site air releases”
o Click on “Submit™

Note: On this page, you alse have the

21 o

clecting a pollutant, or category of poilutants, and a specific industry sector.
§ gory oty ¥ ¥

Once on the Results Page, click on an industry name to get a breakdown of air releases by factlity, pollutant and

pollutant type, You have the following options:

*  Add or change the release or transfer type by clicking the “Show/Hide Coluran button above the resulis table
¢ Ungroup your results by pollutant or country

*  Sort the data in order of decrensing amounts reported

s View the facility locations on the map inset

o Click the “Export” button below the results table to download the data from this page in an Excel spreadsheet,

or as a kml or kmz file to be displayed in Google Earth

D you want to know which pollulanis were released to water In the Columbla Biver Watershed?

Under “Report Type,” select “Pollutant Raport™

z: Under “Year,” select one or more years

Under "Location,” select “Columbia River” as the “Level II” watershed

: Under “Release and Transfer Types,” select “On-site surface water discharges”
o Click on “Submit™

Noter On thi

vou also have the
the countries selected. You ca:

v of pollatant (e.g., “known or suspected carcinogens”), or only those pollutants that are common to

CLOY,

Once on the Results Page, vou have the following options:

s Add or change the release or transfer type by clicking the “Show/Hide Column” button above the results table

*  For releases to air or water only, vou can also check the “TEP score” box to obtain calculated risk scores for
cancer and non-cancer effects {(e.g., developmental or reproductive toxicity)

= Sort the data in order of decreasing amounts reported, or by TEP score

»  Click on a pollutant name to get a breakdown of reported releases to that medivm by facility, state/province/
territory, and industry sector

* View the facility location on the map inset

o Click the "Export” button below the results table to download the data from this page in an Excel spreadsheet,
or as a kanl or keuz file to be displayed in Google Farth

fher gueries that may be of indarest:

s

@

£y

o
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Overview of North
American Pollutant Releases
and Transfers, 2013




introduction

North American industrial facilities reported a total of almost 5.23 billion kilograms in pollutant releases and trans-
fers—to air, water, land, disposal, or for recycling or other treatment—to the three pollutant release and transfer reg-
isters {PRTRs) of the region, for 2013 {table 1}. The data presented in this chapter reflect the activities of many major
ndustrial sectors and the wastes assoctated with the large number and quantities of substances that facilities manofac-
ture, process, or use daily.

The data also reflect the impacts of differences among the three countries PRTR programs in the pollutants and
industry sectors and activities subject to reporting, These differences, which are explained more thoroughly in Using
and Understanding Taking Sfock (appendix 1), can complicate comparisons of the national PRTR datasets and create
substantial gaps in our picture of North American industrial pollution.

w1 Soope and Methodology

This chapter provides a brief overview of the data on pollutant releases and transfers reported for 2013 by North Amer-
entt available for all

wan industrial facilities to their respective PRTR programs. The data presented are the most re
three countries at the time of writing, and can be accessed through the CECs integrated North American PRTR (NA

FRTR) database, Taking Stock Online at www.cec.org/takingstock.

Annual pollutant release and transfer data are often published with updates by the national programs, following quality
assurance/quality control checks and industry revisions. Data are also periodically refreshed in Taking Stock Online
to capture these revisions. Where data featured in the analyses in this report are recognized to be reporting errors that
have yet to be revised, these are brought to the reader’s attention.” The data used for the analyses in this report are from
the NPRY, TR and RETC datasets from September 2016, November 2016, and August 2014, respectively.

1.2 Top industry Seciors and Pollutanis for the Region

A total of 24,144 facilities reported pollutant releases and transfers to the three PRTR programs for 20137 Compared
with 2010 (the last year for which data were analyzed in Taking Stock) reported releases and transfers decreased by
approxirsately 200 million kilograms.® The North American distribution of the data is shown in table 1. Tt reveals large
variations among the three countries in the totals reported, as well as in the numbers of reported pollutants—with only
43 substances cornmon to the three countries. In fact, just 60 pollutants overall are subject to reporting under all three

PRTH programs.”

rroportions
{the 2014

edly o

Bl
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1 Morth American PRYR Data, ¢

PRTR Program Humbar of Facilities Reporting, 2013°  Substances Beperted, 20187 Total, 2013 (ke Total, 2098 (k)
Ganada RPRI 2435 182 1,848 635 545 2,351,561, 801

izl facilities
25 reporting only GHG or CAC

Alatige A
dvoles: Ax
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The releases and transfers reported by North American facilities for 2013, along with the industry sectors amd pol-

futants that accounted for the largest proportions, are llustrated in figure 2.° It shows, for mmmplc that mets
accounted for over three-quarters of all reported on-site disposals or releases to land for 2013, the category that made
up 40 percent of the total that year” These facilities reported large proportions of metals {and their compounds) such
as lead, manganese and zing, as well as phosphorous {total), nitric acid and nitrate compounds, and ammonia. The
veleases and transfers reported by the North American mining industry are examined in greater detail in the feature

analysis of this report {chapters 2 and 3},

Off-site transfers to rccvdmg, rcprcsmt >d i‘he second-largest category for 2013, with 24 percent of the reported total

ers accounded for about 20 percent of this amount, followed by
s (s: ., smelters). These sectors reported transters to vecycling of valuable

s} such as zine, manganese, and x:(;'pper as well as sulfuric acid and hydrochloric acid.
e substances for off-site disposals,
g industry ranked third for

Releases to air accounted for nine perc,um of the reported total for 2013, with ies reporting 25 percent,

followed by pulyp, g :vi, Among the top substances reieased by both sectors were

armrmonia, h*g dmch‘imh aud‘ and hydrogen sulfide, sulfuric acid {especially from electric utilities), and methano! {with

the lar e st emissions imm ﬂu, pulp and paper sector). The third-ranked sector, §

s, reported very large proportions of amumonia, followed by methanol and hydrogen

Reported releases to water represented 4 percent of the total for 2013, with the -
m&med to as publicly- (W\’ﬂcd treatment works, or POTW s—contributing half of all such rchax 5, foﬂov\ red by the

RiSHoR for B

40
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Hr-sie releasss to aln 452 milfen kg

& Top sectars: Beclrio o
manufacturing {17%);
’F?z (L‘),o,

« Tap pothtante ammonia; bydrochioric acid; methansl; sulfurie acid;
hydrogen suffide.

5 {25%); Pulp, paper, and paperboard
Leide, fertilizer, other agricultural chemical

Pes

{ther transters for furthey mansgemant (Lo, treatment, sewage/POTWs,

energy racoveryh: 512 milllen kg

# Top ssotors: Basic chemical manufacturing (25%); Waste treatment
and disgosal {1 1/'0, Pharmaceutical and medicine manufacturing (8%}

+ Top pollutants: nitric acid and nitrate compounds ; methane! ; toluene;

xylenes; ethylene glycol.

On-stts surlane water discharpes: 824 million kg
@ ?sz;a seetors: Wastewater eatment (POTWs} (B0%);
Animal slaughtering and p 1g (12%1

b7 il e Top pellubants: aitic acid and & compounds;
3 ammenia; phosphorous (totail.
&4 5
5 2
starss (ron and steel mills and
iy manufacturing (29%) Nu fermm Br-site upsergroand injectine: I70 milhan kg
{ aredustion and processing e s Tap seslovs: Qi and gas extraction (60%};

7 and coal products mig Basie chemical manufacturing {12%).

fe 5 eopper” = Tap palflulaats: hydiopen sulfide; total reduced
mang: chromium®: sulfuric aci d suifur (TRSY nitric acid/nitrate; methancl
ethylene gheal. ammonia.

On-site dieposel or relsases o lnd 208 Willsn kg

= Top sectors: Metal ore mining (77%} i wilities (6%

e Tup pollutants: lpad” manganese”, zie, copper®;
shosphorous {telal) nitrie acid and nitrate compounds;
ammenia,

and nitrate compounds, with POTWSs alse accounting for large releases of ammonia and phosphorous (total}. Addi-
tional information relating to air and water releases is provided later in this chapter {section 1.3.2).

Two categories, off-site du« posal and underground injection {with seven and five percent of the total, respectively), were
dominated by the oif

. Facilities in this sector reported very large proportions of hydrogen

for about one- 1hu d of repor u,d ﬂff site transfers for further management, followed by w

facilities, with 13 percent. These sectors reported transfers of many of the same pollutants, incloding large proportions
of nitric acid and nitrate compounds, methanol, toluene, xylenes, and ethylene glycol

Large propartions of these substances were transferred to other facilities for energy recovery (e.g., toluene transferred
from a waste management facility to a cement plant or harardous waste disposal facility). Some of them were also
transferred across national borders to be treated or disposed of at specialized reception facilities

Frecords with daplicaie

mnte for TRS and by

11
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es the cross-border transfers that were reported within North Awmerica for 2013, In all, facilities

Figure 3 illustra
reported more than 190 million kilograms, an increase of 24 million kilograms from 2010. The majority of these pu]

futant transters were from Canadian facilities to the United States for recyeling, with sulfuric acid from

)f the repmud transfers from the United States to Lanada more

fn.

saccounting for 80 percent of that amount.
§ wrs to be recyeled. As was the case in 20107

than 40 percent consisted of copper sent by fub § e E Sithe
LS. transfers to Mexico were almost entirely driven by zinc {: dﬂd its compounds} sent for recycling—with over 20

{e.g., steel plants] to the Zinc Nacional facility in

mitlion kilograms going from US e rebals manebactu
Nuevo Leon. The majority {almost 2 miﬂmn Lﬂocrams) of the transfers from Mexico to the United States consisted of

r

lead and its compoun z{x sent for rec Vdmg by one facility, TED de México, based in Ciudad Juarez, Chihuahua, which

~vts for vehicles, The data for North American cross-border transfers can be accessed

ih rou <fh ihe Cross-Bor dm Transfers tool in Taking Stock Online at www.cec.org/takingstock.

Total Canada
To US, 2013:

Total US to
Canada, 2013

T TR R

2010-2013 Change

2010-2013 Change

¥ Recycling Transfers
g Disposal Transfers

Other Transfers

Total USto
Mexico, 2013:

Total Mexico
to US, 2013:

o 7

2010-2013 Change

2010-2013 Change

o be taken Imie acoount when intery

1.3 ACipser Look at the Data

The regional picture of pollutant releases and transfers, presented in the preceding section, is greatly influenced by differ-
ences among the three national PRTRs relating to the substances and industry sectors subject to reporting, As demon-
strated throughout this report, these differences need to be considered when interpreting the reported PRTR information.

ED_004926A_00000655-00026



Table 2 presents the top 25 pollutants, of a total of 520, that were reported by North American industrial facilities for
20135 These 25 substances accounted for almost 4.8 billion kilograms, or 91 percent, of total reported releases and

transfers that year. Ten of the top 25 pollutants were metals {and/or their compounds) and just four of them (zinc,

manganese, lead and copper), together with nitric acid and nitrate compounds and hydrogen sulfide, accounted for

more than half of all reported releases and transfers for 2013.

Total Releasss
Pollutant and Transters

fn-sile

On-sils Surface Water
Air Emissions  Discharges

Bn-site
Haderground
Injection

2. Tap 25 Reported Pollutants thy Total Releases and Transfers), North Amerloa, 2013
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Recycling  Other $ff-sile
Transters Transters

fing” CAL
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7614792 324,902
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il
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This table also reveals that only seven of the top 25 substances are subject to reporting under all three PRTRs, Since
2006 {the first year for which data from the three countries is included in Tuking Stock), facilities have reported releases
or transters of over 600 pollutants {or pollutant groups). However, as mentioned in the previous section, only 60 pollut-

ants are cornmon to the three programs.’ The exclusion, from the PRTR of one or more country, of substances typically

associated with c;f:r{'ain industrial activities can lead to ruportant gaps in reporting across the region. In the last edition
of the Taking Stock report, for example, the feature analysis on the pulp and paper manufacturing sector highlighted
the disparity in reporting of methanol {a substance often released as a by-product of pulping and bleaching operations),
dute 1o its exclusion from Mexico’s RETC list, Such differences among national reporting requirements need to be taken

nio account when interpreting PRTR data for the region.

Figure 4 presents reported releases and transfers, by type, for each country for the 2013 data vear, Tt reveals national
profiles that differ significantly from one another, with unique distributions among reported releases and transfers and

the sectors that contributed the largest proportions,

For example, in Canada and the United States, on-site disposals or releases to land accounted for the majority of each
country’s total for 2013, followed by off-site transfers to recycling. In the United States, transfers for further manage-
ment {e.g., energy recovery) accounted for 14 percent of the total, compared with two percent in each of the other
countries. In Mexico, transfers to recyeling also represented a large proportion of the total. However, in comparison
with Canada and the United States, releases to air (43 percent of the total) dominated reporting in that country.

These national release and transfer profiles paint a different picture than that presented in the previcus section. For
{ & {reported in large part by the

instance, figure 4 reveals that the vast majority of on-size
mining sector and accounting for 40 percent of N mft‘h Ammerican releases and transfers ~ figure 2}, were reported almost
entirely in Canada and the United States. As described in greater detail in chapters 2 and 3, important differences

among national PRTR reporting requirements play a key role in the regional variations in data from the mining sector.

The inconsistencies among the national PRTRs also have impacts on reported ; s for

the region. The practice of injecting production-related wastes underground is particular to a xmaﬂ numbu of indus-

7

9 million

tries such as the extraction and production of petroleum and gas and chemical manufacturing, Of the
kilograms in releases to underground injection for 2013, figure 4 reveals that an important proportion of this total
was reporied by oil and gas extraction facilities in Canada, with  top reported substance, total reduced sulfur {TRS),
subject to reporting only in that country.’ In the United States, oil and gas extraction tacilities are not subject to TRI
reporting and in Mexico, where reporting fror that sector is mandatory, underground injection is not a separate cat-
egory under the RETC program {rather, it is aggregated in the on-site releases to land category).

ing, the industrial make-up of sach country and the substances consequently manu-

factured, pm“ts%d or Uthmvm: used undisputedly play a role in the varying quantities and numbers of pollutants
reported. As shown in table 2, however, many of the top reported pollutants transferred to recycling are not common

to the three countries. When such substances are transferred across national borders {e.g., zine to Mexico, where that

pollztant is not subject to reporting), information relating to the pollutants’ final fate and destination can be difficult

to track,
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Pollutant releases to air and water are often viewed with greater inferest than other industrial releases and trans-

fers because they enter the environment directly. As mentioned in section 1.2, releases to air for 2013 accounted for

52,828,876 kilograms, or 9 percent, of total reported releases and transfers, while releases to water sccounted for
224,380,028 kilograms {4 percent of the total). Additional information about some of the pollutants reported released

to air and water, and two top reporting sectors, is provided herein,

Table 3 presents the top industry sectors and pollutants that accounted for almost two-thirds of all reported releases to
air for 2013, 1t shows the electricity generation sector as the top reporter; as mentioned earlier, this sector accounted
for about 25 percent of all reported releases to air that vear, Of the total of 495 pollutants reported released 1o air by all
North American facilities, the eight shown in this table made up almost half of the total. They include ammonia, meth-
anol, and acidic gases such as hydrochloric acid and sulfuric acid. If inhaled, these pollutants can cause headaches and
dizziness, irritate the respiratory track, and cause difficulty breathing. In the environment, acid gases can contribute to

acidic deposition and the acidification of freshwater bodies.”

Top Beporting Industiry Sectors for Beleases to Alr, and Top Reported Pollutants,
Morth America, 2017
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This table shows a very uneven distribution of reporting among the three countries, with the only data for Mexico
being for releases of hydrogen sulfide from the electricity generation sector. As the table indicates, hydrogen sulfide s

the only pollutant, among these top substances, that is subject to reporting under Mexicos RETC.

Table 4 shows the top industry sectors and pollutants that accounted for 81 percent of total reported releases to water
for 2013, As mentioned earlier, the wastewater treatment (POTW) sector accounted for about half of the 224 million
kilograms in reported releases to water that year {(iigure 2). Of the 247 substances reported released to water by all
North American facilities, the seven shown in this table accounted for close to 80 percent. By far, nitric acid and nitrate
compeounds comprised the largest proportions {almost 70 percent), followed by ammonia. As described in Taking
Stock, volume 13, these pollutant discharges can contribete to nutrient loadings in freshwater systems and contribute

to oxvgen-poor envirorunents for fish, or otherwise be toxic to aquatic life.®

As with reported releases to alr, this table reveals a very uneven distribution of reported releases to water across the

region, with no data for Mexico relative to the top reported pollutants, due to the fact that they are not subject to

4. Top Beporting Indusiry Seciors for Releases 1o Waler, and Top RBeported Pollutants,
Morth America, 2003
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PRTR reporting in that country. Another inconsistency among the national PRTRs that is particularly relevant to the
reporting of releases to water is the fact that in the United States, POTWs are not subject to the TRL

Towicity Eguivalency Potentinls {TEPs)

As explained in text box in the Introduction to this report, “Factors to Consider When Using PRTR Data to Bvaluate
Risk)” using release and transfer data to assess risk to human health or the environment is a complex task and reported
volumes alone cannot indicate what, if any, risk exists from the release of a pollutant. Important information such as
the form and toxicity of the substance, its fate in the environment, and the potential for exposure is necessary for an
accurate understanding of potential risk. Readers should also remember that PRTR data are Himited in their coverage of
pollutants and industrial sources {see appendix 1), In order to help address the issue of risk, Taking Stock incorporates
available toxicity equivalency potentials {TEPs) into the assessment of pollutant releases to air and water, TEPs rank the
risk posed by one unit of s pollatant in comparison with one unit of a reference cherical for which the risk to human
health s well known. The reference chemical for carcinogens is benzene. Toluene is the reference cherical for other

health risks, including developrental or reproductive impairment.’®

A TEP score does not constitute a risk assessment but, as the term suggests, indicates the potential for risk based on the
amount released and the inherent toxicity of a substance, without taking other risk factors into consideration. TEPs are
useful because they draw attention to highly toxic substances that are often released in relatively small quantities and

roay not otherwise be recognized as pollutanis of significance. The TEPs are based on available knowledge, so there will

be gaps-——some substances may, in fact, pose a risk to human health, but there is not encugh information to estimate a
TEP. An additional restriction is that, at the North American level, certain pollutants are reported as groups of related

substances {e.g., a metal and #ts compounds) and thus the more toxic chemical forms are grouped with less toxic forms,

Table 5 presents the cancer and non-cancer TEP scores for selected pollutants reported released to air for 2013, It attests to the

fact that certain substances released in relatively small proportions (e.g., dioxins and furans) can, potentially, pose a far greater
risk to human health than those ranked by total release volumes.!” And while six of the ten pollutants in this table arve subject
o reporting under all three North American PRTRs, the high TEP scores for others {e.g., thallium compounds) highlight the

importance of having comparable data across the region for releases of pollutants of special concern.

Similarly, the selected pollutants — most of them metals ~ reported released to water and shown in table § have very
high TEP scores, particudarly in relation to non-cancer effects. Since only five of these ten pollutants are subject to
reporting under all three PRTR programs, the result is a lack of comparable data across Worth Americs for releases of

certain pollatants {e.g., barium, copper) that are of special concern.

The issue of comaparable pollutant release and transfer data for the region also inclades the thresholds at which pol-
lutants must be reported. For example, among the substances in tables 5 and 6 that are common to the three PRTRs,
only mercury compounds have comparable “activity” (MPO) reporting thresholds {Le, approximately 5 kgl." More
often, the national reporting thresholds vary widely—such as the wide discrepancy between the Canadian NPRI and
Mexican RETC threshold for cadmium and its compounds (5 kg), compared with the U8, TRI threshold (11,340 kg
For a number of substances known for thelr potential toxicity to human health or the environment, thresholds have

been lowered to better track, and manage, their releases. For the 2014 reporting vear, Mexico’s RETC pollutant list has

expanded from 104 to 200, and many of the original pollutant reporting thresholds have also been lowered.

1 thres) s al] p
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The data in table 3 showed that the electricity generation sector accounted for just over 114,000 million kilograms, or
about one-guarter, of the air emissions reported by North American facilities for 2013, including large proportions
of hydrochloric acid, sulfuric acid, and hydrogen sulfide, These data reflect a lack of comparability among the PRTR
prograus refative to certain pollutants, but they also reflect the unique characteristics of each country’s industrial com-
position and size. In the United States and Mextico, electricity generation relies heavily on the combustion of fossil fuels
such as coal, oil, and natural gas, but in differing mizes; and while these fuels are also used in Canada, more than half

of that country’s energy is supplied by hydroelectric power plants.

The last edition of the Taking Sfock report presented data for releases to air from North American elecivic utilities
between 2005 and 2010, revealing a substantial decrease over that period.” The 2006-2013 data, reflecting the current
trilateral dataset in Taking Stock Online, are presented in figore 5. They show a continuation of this downward trend,

driven mainly by U.S. facilities. In that country, important decreases in air emissions of pollutants such as hydrochloric
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acid can be attributed, in part, to greater awareness of the impacts of emissions from the combustion of fossil fuels
on air quality and buman health, Policy tonls including the 1990 Clean Air Act amendments and the 2005 Clean Air
Interstate Rule established regulations and economic incentives to address issues such as acid rain resulting from power

plant emissions of sulfur oxides and nitrogen oxides, As a result, many utilities installed pollution controls, or switched

to low-sulfur coal or natural gas.

The data for Canada show relatively consistent power plant emissions throughout the period. However, a closer look at
the data in Taking Stock Online reveals that in Ontario, emissions from this sector decreased dramatically, from approxi-
mately 4.5 million kilograms in 2007 to 644,000 kilograms in 2013.% The provinee’s 2007 Cessation of Coal Use Regulation
drove the transition to an energy mix of nuclear, natural gas and non-hydro renewables. It was followed by the Ending
Coal for Cleaner Air Act of 2013, which resulted in a change in fuel or closure of the fowr remaining coal-fired wilities.”
Ontarios shift away from the wse of coal has led to a significant decrease in emissions of acid gases, particulate matter
and sulfur oxides. The result has been fewer smog days, as well as an annual decrease of 17 percent in greenhouse gas
emissions—with this initiative hailed as the single most tmportant greenhouse gas reduction measure in North America.”
The data in figure 5 reveal that these efforts to reduce emissions of particulate matter and acid gases have also
yielded co-benefifs, in decreases in emussions of other air pollutants associated with the combustion of fossil fuels. As

shown in the discussion on TEPs, some of these pollutants {e.g., mercury compounds) can have significant human

health impacts,

Wastewater {or sewage) treatment plants accounted for 113,650,157 kilograms, or half, of all reported releases to
water for 2013 (table 4). These facilities constitute a sector that is distinet from the other industrial sectors reporting
to the North American PRTRs. That is, they receive and treat releases from a wide range of residential, industrial,

commercial and non-point {e.g., agricul-

le 7 Pollutants Released to Water by SewageTreatment
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The fact that publicly-owned sewage treatment plants (POTWSs) are not subject to the U8, TRY program also results
in a paucity of data for releases to water in that country, As shown in table 4, only relatively small discharges (Just
under 2 million kilograms, almost all of nitric acid and nitrate compounds) were reported by one private facility, a
meal processing plant in Nebraska. In Mexico, pollutant releases to water are generally subject to the RETC, as the
program covers discharges to national water bodies {which inchude rmost water bodies in the country): however,
wastewater treatment facilities are under municipal jurisdiction and thus there is some ambiguity relative to the
reporting requirements for this sector. Due to these inconsistencies, almost all of the data shown in this table were
reported by Canadian facilities.

Figere 6 portrays releases to water from all reporting sectors within the St, Lawrence River watershed, which strad-
dles the Canadian-U.S. border, for 2013.* The yellow proportional circles (scattered among the green ones) repre-
sent discharges from wastewater treatment plants, which reported more than 70 million kilogrars of many of the
pollutants shown in table 7. This figure dearly reveals that all of the reporting sewage treatment facilities are located
on the Canadian side of the border. The lack of U.S. data for the sector therefore hinders our understanding of the

pollutant loadings to this important shared watershed,

The exaruple of the 5t. Lawrence River watershed highlights the value of having coruparable data for pollutant

releases to shared ecosysterns in order to understand the potential impacts of these releases on human or environ-

mental health. This theme was discussed during the public meeting of the CEC’s North American PRTR initiative,
held in October 2016 in Washington, DC. Presentations centered on the challenges of integrating data and infor-

ration refating to shared ecosysterms, and efforts undertaken to try to address these challenges. One such effort was

pases to North Am satersheds can be g e watersheds ecos
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the Great Lakes Basin Human Health and Environruental Databases Project, undertaken for the International Joint
Comunission {IJC), the agency responsible for protecting this shared ecosystem. ™ The project explored how existing
environmental and human health datasets for the Great Lakes Basin could be integrated to inform decisions relating
to concerns such as transboundary air pollution, harmitul algal bloowms, fish contamination, invasive species, and
so on. It identified the Canadian NPRI and U8, TRI programs as unportant sources of information on environ-
mental stressors that, when combined with data on human exposure and health outcomes, could be used to support

health-environment asscciations.

Through the CEC, the PRTR programs of the three countries regularly cooperate on the integration and harmonization
of data, which are made accessible via the Taking Stock Online website. The countries have also comumitted to efforts
to mnprove the comapleteness, quality and comparability of PRTR data and information, as deseribed in the Action Plan
to Enhance the Comparability of FRTRs in Novth America (box 2}. In this way, pollutent release and transfer data can

support research, policies and initiatives relative to issues and concerns in the region’s shared ecosystems.

e ¥ ] & S Enmbaror 3

The Action Plan for Enhancing the Comparability of Pollutant Release and Transfer Regisiers in North America
reflects th “erv“cerrem(fﬂ three Parties over the past two decades, as expressed in a number of Council
rsoiutions.? Updated and published in 2014, the Action Plan is the resuit of collaboration amaong the CEC,
e three PRTR programs, and stakeholders including industry, nongovernmental organizations (NGDs),
academia, citizens, and the media. It contains ten recommendations and related actions to increase the
scope, quality, comparability, and understandability of dafa for the region. Prograss has heen made in a
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introduction

This fivst chapter of the feature analysis on the North American mining sector provides an overview of the industry, including

ses and technologies used, and regulations governing the activities of the

its geographic and economic presence, the proce
industry. The goal of this chapter is to provide some background and context for interpreting the data, presented in chapter 3,
on releases and transfers of pollutants from the mining sector for the 2013 reporting vear. The reader should note, however,
that this analysis is not restricted to mines that were active in 2013, and that discussions of the regulatory context, mineral

processing, pollutant releases and sustainability of mining include consideration of past practices and recent advances,

For the purposes of this report, the activities covered in these two chapters include the mining of metals, non-metallic
mainerals and coal, but not oil and gas. "Mining” is the extraction of ore, often followed by crushing and separating
processes to concentrate the valuable minerals. Underground mines, open-pit mines and quarries are included, as
are activities associated with mines—the storage and handling of mineral products; waste treatment; on-site disposal
of wastes; release of wastes to land, water and air; and transfer of wastes off-site for recycling, disposal or treatment,
Smelting {(melting ores to extract the metals) and other roetal refining and manufacturing processes are not covered in
this report.” While mining operations typically extend aver life-cycle stages from prospecting and exploration through
mine decommissioning, the focus of this overview is on mines at the production stage,

Tho vonfe af veivivg 5y ~ietios
The vode of mining in modern sociaties

There are few aspects of modern life that do not depend on metals and other minerals, Our roads, buildings, commu-
nications, water, energy, food, and much of the infrastructure that supports our cultural and letsure activities depend
on the raw materials produced by mines (table 8). Population growth, rapid economic development of some nations,
especially Ching, and advancements in technology all contribute to increased global consumption of minerals in recent
decades. The demand for minerals to fertilize crops, for example, is rising steadily. Worldwide, 30 to 50 percent of crop
yields are a result of fertilizers, the primary ingredients of which are phosphate rock and potash. World consumption
of phosphate rock is estirnated to increase 10 percent from 2013 to 2017 (Wellington and Mason 2014). Modern tech-
nologies make wse of an increasingly diverse array of minerals, which has led to particularly rapid growth in demand

for metals used in electronics and specialized alloys {Graedel et al. 2015).

fed Minerals and Examples of Thelr Uses
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One way to reduce demand for metals is to improve recycling. Recycling conserves metal reserves, reduces environ-
mental tmpacts from mining and smelting, and diverts waste from landfills. It is an effective climate change mitigation
measure. Maximizing metal recycling worldwide, especially for the metals in highest use—iron, steel and aluminum—
has the potential to reduce greenhouse gas emissions from the metal industey by up to 13 10 23 percent, corresponding
to one percent of global greenhouse gas emissions {Ciacci et all 2016). Examples of per-unit savings in materials and
energy (ISRI 2015} include:

*  Recycling a tonne of steel, compared with producing a tonne of steel from primary sources, uses 56 percent less

energy and conserves 1.1 tonnes of iron ore, 635 kilograms of coal and 54 kilograms of limestone,

¢ Recycling o tonne of aluminurm uses 92 percent less energy and conserves over 4 tonnes of bauxite ore.

Recycling of common metals is long-estab-

Lished, with varying success in recycling for dif-

ferent elements (Figure 7). The bulk of recycling

of these industrial metals, however, s recycling

of scrap from manufacturing, not recovery of %
£ )

metals from post-consumer products. Recy-

ching rates vary with types of metals and types 60%
of products, based on technology and other
factors, such as differences in product lifespans, 40%
An alomimim pop can, for exarmple, becomes
available for recycling not long after & is ruan- 0%
ufactured, while a copper cable may remain in

use for decades, Even greatly improved recycling oY
¥ umy £ A
will not provide sufficient metal to meet demand

Lead
Nickel
Tin
Zinc

for some commodities.

Copper

Aluminum
Magnesium

The last two to three decades have seen a huge

fron and steel

rise in loss of metals through electronic waste

{e-waste), which is now the fastest growing waste

stream in the world, increasing at a rate of 4 to
5 percent per vear (Williams 2016, Baldé et al
2015), though it remains a relatively small proportion of overall metal waste, Per capita e-waste generation for 2014 was
estimated at 20 kilograms for Canada, 22 kilograms for the United States and 8 kilograms for Mexico (Baldé et al 2015}

Computers, cell phones and other high-tech products containing precious metals and rare minerals usually have short
ifetimes and low recycling rates. Disposal is more likely to be through incineration, landfill, or informal recyeling {in
developing countries) for the most valuable metals, often using unsafe methods with adverse environmental impacts
{Tzatt et al 2014} A typical recently-made smart phone contains up to 62 different metals {see figure 8) (Rohrig 2015).
Recovering the small amounts of many types of metals from each unit is technologically challenging and expensive,

Improving recycling rates in post-consumer goods involves changes in societal goals and priorities, improved systems

for collection and reproc

ing and, especially for e-waste, improved technology for metals recovery (Izatt et al. 2014}

While metals conservation through recycling holds promise for reducing the need for new metals, widespread use of
metals and shifting needs due to technological innovation ensure that new mineral reserves will continue to be iden-
tified and new mines opened in North America. Pollution, the focus of this report, is only one of the issues associated
with mines, and not always the major one. Assessmuents of proposed mines typically identify a range of concerns in

addition to the human health and environmental risks from pollution. Use of lands and waterways for mining may

conflict with other established uses, or reduce opportanities for future development. Communities may benefit from
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Lithium combined with other metals

: Silicon oxide strengthened with
such as cobalt,iron, copper

aluminum; sodium, potassium; coated
with indium tinoxide for conductivity;
rare earth elements for color production

Silicon chip: copper wire; copper gold
and silver components; tantalum
capacitor; nickelin microphone;
speakers and vibration units may
contain praseodymium, gadolinium,
terbium, dysprosium and neodymium;
tin and lead; copper or silver solder

Polymers and/or metals such as
aluminum, iron, magnesium, nickel

Houree: Juformaiion i

jobs and economic growth, but they also may suffer economic losses and damage to comrmuonity health and well-being,
Mining may disproportionately affect Indigenous Peoples because mineral deposits are often on their traditional lands,
More generally, mining may affect the livelihoods and guality of life of rural communities through land changes such as
deforestation, or through depletion of water resources. Habitat for fish and wildlife may be lost or degraded, landscapes

altered, or terrain rendered unstable.

Modern mining policies and regulations, as well as industry standards and initiatives, airn to take the interests of local
residents into account and to minimize the potential for adverse impacts of mining National regulatory frameworks

and sustainability initiatives, particularly as they relate to pollution, are summarized in this chapter.

2.1 Geographic and Economic Presence of the Mining Industry

The distribution, size and quality of mineral deposits in North America are divectly linked to regional geological set-
tings and geclogical processes that have occurred over millions of years. The North American craton {the geological

core of the continent} has a complex history. It ranges from some of the oldest rocks in the world to relatively young

rocks that host a variety of mineral deposit types. The geology of North Armerica at a continental scale can be summa-

rized into broad categories (shown on the map of geological provinces, figure 93

+  Platform—typically part of the stable North American craton, with younger sedimentary cover rocks over

basement rocks

of part of one tectonic plate to a larger plate) and uplift, through crustel plate movements over millions of vears

¢ Basin—rocks that have been deposited in a sedimentary basin environment

*  Large Ignecus Province—a unique geological province specific to the United States, with extensive volcanic-
related deposits

¢ Extended Crust—regions where the continental crust has been extended and thinned.

Because most geological processes have been repeated many tirmes, rocks of different ages and types may contain
similar mineral deposit types (BEckstrand et al. 19961, As a result, it s difficult to link geological provinces or areas
with common geological history to specific mineral deposit types or commodities—the formation of these deposits
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Geological Province

Shield
Platform
Orogen
Basin

Large Igneous Province

m Extended Crust

Note: The nwap shows f

oecurred over tens of millions of years and across a variety of geological settings. However, 1t is useful and important to
classify mineral deposits to understand the geology, geochemistry and metallurgical properties that affect the type and
extent of waste materials and potential pollutants that are generated from mining these deposits.

Mineral depuosits are natural concentrations of mineral commadities formed by geological process
conditions that include specific temperat nd pressure ranges, structt itions that fave

y s of metals. Mineral deposit types t of geolog
[ commadity or combination of commodities (Eckstrand et al. 1996).

There are several classification systems used fo describe mineral deposits in North America. The approach followed
here covers the major categories for metallic mineral deposits {Bckstrand et al. 1996), Mineraldeposittypes are grouped

into seven major classes:

1. Sediment-associated deposits (sedimmentary host rocks);

2. Volcanic-associated deposits {volcanic host rocks);

3. Felsic and intermediate intrusion-associated deposits (granitic host rocks);

4. Alkaline intrusion-related deposits (granitic host rocks);

5. Mafic and ultramafic volcanic and intrusion-associated depaosits {volcanic host rocks);

6, Vein and/or replacement deposits {(voleanic, granitic and metamorphic rocks);

I Releazes and Transiers, Volume 15 2%
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Canada has over 77 muneral deposit types of which 21 account for significant Canadian mining production (Eckstrand
et al. 1996,

The Canadian Shield, which has some of the world’s oldest rocks {dating back to the Precambrian era), is characterized
by rolling terrain that was glaciated by the last ice advance across northern and southern Canada. Covering almost halt
of Canada, the Canadian Shield has extensive mineral occurrences and deposits, including base metals (copper, lead,
zing, nickel and cobalt), precious metals (gold and silver), uranium, tron ore and tungsten. The Canadian Shield is sur-
rounded by platform sedimentary rocks that are host to large ofl and gas deposits as well as coal, potash, salt, gypsum,

Limestone and other non-metallic mineral deposits.

The Orogenic Belts in Canada are highly favorable areas for the creation of mineral depusits due to tectonic activity
and the deep migration of sctutions that are rich in metals, as well as the prevalence of volcanic activity, which can also
deposit metals in a variety of host rocks. An example is the highly complex Cordilleran Belt in western and northern
Canada, which contains a variety of metallic minerals including gold, coppes, iron, silver, lead, zine, nickel, tungsten
and molybdenun, and industrial minerals such sand and gravel, barite and limestone, Deposits in the Appalachian Belt
in eastern Canada include industrial minerals such as asbestos, fluorite, potash, gypsum and salt, as well as metallic

minerals such as copper, zing, lead, iron, gold and silver.

Diamond deposits are also found in the Canadian Shield, particularly in the Northwest Territories and Nunavut. These
deposits were formed sorne 30 million years ago by eruptions that carried diamonds {pure carbon i a crystal form)

through the Bartl's crust in volcanic pipes in a host rock called kimberlite,

Placer deposits are accomulations of heavy minerals such as gold, tin and platinum that have been eroded from bed-
rock sources and concentrated by sedimentation processes inveolving gravity, water, wind or glacial ice {(McLeod and
Morison 1995}, Placer deposits are found across Canada in several geological provinces that host precious metal gold

deposits. Economic placer gold deposits are in British Colurmbiz and Yukon Territory.

In the United States, there are hundreds of thousands of mineral deposits and well over a thousand that are considered
to be significant (Long et al. 1998}, Most of the mineral resources and mine production, however, are associated with a
few large deposits {Zientek and Orris 2005}, For example, Nevada is the largest producer of gold, with multiple active
mines along a structure known as the “Carlin Trend” Alaska is also a significant mining jurisdiction, with several large
operating ruines including the Port Knox gold mine near Fairbanks and, in northern Alaska, the Red Dog Mine, one of

the world’s largest producing lead-zine mines.
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Most VLS. coal production is in the eastern and central regions.

Metallic minerals including gold, silver, copper, lead and zinc are Accreted terranes: Terranes (areas with
. . . . . i=tinctive structiire ant o)
found in the western part of the U.S. interior, while non-metallic distinctive structure and grological istory)

have become defached from one
eastern interior regions. fectonic plate and attached fo anctheras a

result of tectonic processe

mineral and coal deposits are more cormmon in the central and

The Orogenic Belts in Alaska, formed through tectonic and

volcanic activity, host a range of mineral deposits, The geology
of Alaska s largely an extension of acereted terranes from the
Canadian Cordillera, as well as stable craton platform rocks that have metallic mineral deposits such as gold, silver,
copper, lead and zinc. Non-metallic minerals include sand and gravel and coal. Placer gold and tin mining are found

both offshore near Nome, Alaska, and in central Alaska near Fairbanks

Hawaii is a chain of active to dormant volcanoes. The only mining that occurs in Hawaii is for industrial minerals such
as sand and gravel,

Mexico has a broad and diverse geclogical setting that hosts a nuwmber of commuodities, including silver, bismuth,

celestine, fluorite, cadmium, arsenic, gold, copper, zing, lead, molybdenurn, manganese, coal, salt, sulfur and iron
{(Camprubi 2009). The country is geologically complex, with mineral deposits that are fargely related to tectonic activity
in the Orogenic Belts along the Pacific coast and to mineral-rich fluid migration and geochemical processes in the sedi-

mentary basins of central Mexico {Camprubi 2009, Clark and Fitch 200%). There ave several accreted terranes along the

west coast of Mexico that are extensions of sirailar terranes in the United States and Canada.
Major “metallogenic provinces” of Mexico are sumrmarized below, based on the classification system of Camprubi
(2009}, Information is from Camprubi (2009) and Campa and Coney (1983}, Figure 10 shows a simplified distribution

of the major mineral commodities across Mexico.

P
e

inclodes the western and southern Sierras Madre. Mineral deposit types inclade:

*  polymetallic or gold-silver epithermal deposits that are typically hosted in relatively shallow hot springs-re-
fated geological environments;

s porphyry deposits that host copper-molybdenum-gold-tungsten mineralization;

*  skarn replacement deposits that host minerals including gold, silver, lead and zing

*  wolcanogenic massive sulfide deposits that are related to hydrothermal venting in marine environments and
host a variety of minerals including gold, silver, barite and iron;

*  other granitic-related deposits that host tin, silver, gold and other minerals; and

*  other volcanic-related settings that host veins containing wraniurn and gold.

Deposits in the southern half of Baja California include phosphate-rich sedimentary deposits
thai‘ were formed in a shallow submarine environment, manganese veins and polymetallic deposits formed from

hydrothermal vents, Northern Baja California has epitheraal deposits.

in hosts hydrocarbon gas fields and a range of mineral deposits, including sedimentary
iron amd sulfar depos;ts and skarn deposits. The eastern Sierra Madre has the largest manganese deposit in North

Armerica. Fluorite, celestine and strontianite deposits are in central Mexico.
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{777 Copper-Molybdenum-Gold (Cu-Mo-Au)

Zinc-Lead-Silver-Copper (Zn-Pb-Ag-Cu)

Gold-Silver-Copper (Au-Ag-Cu)

Massive sulfides (Au, Ag, Zn, Cu, Pb)
ron (Fe)

Coal (Q)

S Strontium (S0

S Fluorspar ()
Manganese (Mn)

Phosphates (P)

R

The mining sector economy is a blend of interrelated factors,

which include mineral reserves (both quantity and grade), com-
muodity prices, financing mechanisms, exploration programs and
capital investment. Commodity prices and overall investor con-
fidence influence the economic health of the mining industry. In

addition, government investment for geoscientific programs in

Mineral resource: a concentration or

»of @ mineral or minerals of
economic interest with reasonable prospects
for eventual economic ex

Mineral reserve: the economically mineabile
nart of a mineral resource, as defined by
studies. Mineral reserves are classified as
orobable or proven, tadaps

support of mineral exploration and the regulatory environment

for project approvals can affect financing and long-term mine

development proposals,

i Councll 2614

Commodity prices are affected by global economic events and
they can fluctuate daily. The long-term trend of the International
Monetary Fund’s metals price index indicates that prices tend to be cydical over periods of a few years and, more
recently, subject to longer-term trends. This is shown by the marked increase in commodity prices that started in the
early 2000s and was dramatically interrupted by a sharp decline related to the financial crisis of 2008, followed by a
vabust recovery, then a steady decline after 2011 {figure 11}. On average, metals prices declined by almost 60 percent
from 2011 to 2015 {IMF 2016b) and continued to decline into 2016, Prices of major industrial minerals (non-metallic
products such as sand and gravel) are more infloenced by regional supply and demand and trends vary considerably by
commuodity {Kogel et al. 2008). Many non-metallic minerals have not been subject to the same marked decline that has
been seen for metals in recent years (Marshall 2015).
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Prices of recycled metals are also subject to global market forces and the strength of the recycling tndustry is influenced
by trends in world metals prices. In 2015, the index used by the 118, Institute of Scrap Recycling Industries to track

scrap metal prices reached its lowest point since the 2008 recession {[8RI 2016}

China, as the world’s biggest importer of metals, has a dominant influence on metal markets. Chings economy grew
rapidly through the 2000s to 201 1, and its consumption of base metals {(abundant, relatively low-value metals such as
coppet, lead and zine) increased from 10 1o 20 percent of global consumption in the early 2000s to over 30 percent in
2015 (IMF 2015). This growth fueled investmuent in mining, mine production and a steady increase in metals prices,
The slowdown of economic growth in China since 2011 has been and continues o be a major influence on North
American mining industry investment trends. The decline in demand for metals since 2011 has led to progressively
less investment in mine development due 1o soft commodity prices, high capital costs for new developments and an
overall lack of investor confidence. At the same time, however, the supply of metals has increased (figure 12) and global

stockpiles of many commodities have risen. At the country level, currency fluctuations also affect mineral prices.
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The North American share of world production of all minerals and of selected mineral commodities is shown in figure 13,
Trends since 1995 for copper and gold indicate that North American production has fluctuated less than global pro-

duction for these two commodities,

Al mineral production
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Mining contributes to national and regional economies directly, but also indirectly through support businesses that
supply the industry with goods and services {(Marshall 2015). Because minerals are major inputs to construction and
manufacturing, their production, recycling and processing are intertwined with many aspects of national economies,

including buports and exports of scrap, raw and processed minerals (USGS 2016) (figure 14).
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This picture of the economic contribution of the mining industry is incomplete as it does not include environmental
and socio-economic costs and liabilities, which may be spread over several vears. Some costs can have dollar figures
attached over specific time periods—{or example, costs associated with remediation of abandoned mines in Canada
{Story and Yalkin 2614}, Other economic costs are harder to define, such as the loss of recreational opportunities when
a new mine is developed, or the ongoing costs of degradation of water in areas with chronic polletion from past mining
operations. Impacts on health and well-being of people in affected areas can have broad and poorly defined eco-
nomic implications, including for domestic water supplies, health care and food security, The costs may be indirect and
long-term, often affecting the region's potential for future economic development {Bamer et al. 2015, Tetreault 2015,
Pramigos 2006). When assessing these costs and liabilities and looking at responsibility and solutions, it is raportant
to distinguish societal costs associated with current and recently active mines from those associated with the legacy of

mining conducted in the past under very different conditions, both in terms of mining methods and regulation.
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Mineral production is presented in figure 15 as individual commodities, with amounts and dollar values based on the
content of each chemical element (such as gold) or marketable mineral product (such as gravel). These conumodities,
however, are produced by mines in various combinations and in various chemical forms. Most metals occur in nature
in several cherical compounds, many in combination with oxygen {as oxides} or sulfur (as sulfides). Mineral deposits
often contain more than one metal in economic concentrations. For example, zinc mines often alse produce lead, and

sore also may produce copper, silver, nickel or other metals.

Gold, copper and iron ore were the most economically important metals produced in North America in 2013 (figure
15a). Stone, sand and gravel, and cement were the most bnportant non-metallic (industrial} minerals, and coal made
up a guarter of the valee of all muneral production. The dominance of coal was primarily duoe to #ts mportance in U8,
mining {hgure 15¢), though it also accounted for 11 percent of Canadian mine production {figure 155}, Industrial min-
erals mainly used for construction, including for building and maintaining infrastructure, made up about a quarter of
U.S. production, but only about an eighth of production for Canada and for Mexico.

Metals, especially gold, silver and copper, dominated mineral production in Mexico {figure 15d), Silver, which made
up 1 percent or less of Canadian and U.S. production, was second only to gold in Mexiceo in total value, Metals formed
over half the value of mine production in Canada, but with a more diverse industry: 8 metals each made up from 1 to
14 percent of production (figure 15b) and an additional 14 metals, including cobalt, molybdenum, lead and tungsten,
made up the rest of 2013 production (NRCan 2016b), Two non-metallic minerals that are very different from one
another, potash and diamonds, formed significant portions of mine production for Canada, but not for Mexico or the
United States {hgure 15bhe,d).

What figure 15 does not show is the wide range of metals and non-metal minerals produced by all three couniries. As
an exaraple, the 31 commodities umped as “other” in the non-metallic minerals industry group for Mexico, accounting
for & percent of total production, include fluorspar, salt, phosphate rock, sodium sulfate, kaolin, bentonite, diatomite,
magnesite, wollastonite, celestite, graphite, perlite and vermiculite (8GM 2014). Some of these commodities, while

raking up a low percentage of total Mexican mine production, are important exports.

Some metals that are roportant components in electronics are mined in North America, notably platinum group
metals, which were mined in Canada in 2013 {forming 2 percent of total mine production valoe} and, in srualler
quantities, in the United States. There was very little production of rare earth metals—one metal in this category was
produced by one mine in the United States. Most rare earth metals are mined in China.

~

. In 2014, mining made up 1.5 percent of Canadd’s GDP Adding in related mineral processing and

metals manmnfacturing raises the contribution that year to 3.5 percent. There were 77 facilities related to metal mining
operating in 2014 and 1,132 non-metallic mineral facilities, the majority of which were sand, gravel and stone quar-
ries. Mineral extraction employed 63,590 people, with an additional 312,410 people working in processing and related
metals manufacturing (Marshall 2015},

~

Trade. Bxports of domestically produced raw mineral products {including coal) were valued at C$26.1 billion in 2015,
while iraports were valued at §7.9 billion. When processed mineral materials and fabricated metal products are added
inn, total exports for the year, at $96.2 billion, exceeded imports by $16.2 billion. Canadas main trade partners for these
mining-related products are the United States and the Buropean Union, accounting for 56 percent and 20 percent of
the 2015 export value, respectively (NRCan 2016d). Mineral materials, products and fabricated metals accounted for
18 percent of Canadds total export value in 2015 (Statistics Canada 2016a).
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=3, Canada ts the world leader in production of potash and among the top five pro-
3 commodities: wranium, niokiwm, cobalt, aluminum, tungsten, platinum group metals,
nickel, salt, sulfur, titanium, diamonds, cadmium and gold {based on 2014 data; Marshall 2015},

wnds. Proven and probable reserves of most base metals have declined over the past 30 years, while gold,
r reserves have fluctuated, partly driven by exploration spurred on by high prices. Canada is a top des-
tination for exploration investment from other countries, inchuding China and Buropean nations, but both the dollar
value of investment and the country’s share in global mineral exploration investment have declined since about 2013,
In 2015, direct foreign investment in the mining industry was €$10.4 billion, 50 percent less than the previous vear
{Statistics Canada 2016b).

In 2014, there were 1,573 companies with headquarters in Canada that owned mining assets (NRCan 2016¢). Many
of these were small companies engaged in exploration and development. Relatively few were producing mines—only
10 percent had operating revenmes that year. Half of these companies held interests outside Canada, with 37 per-
cent holding mining assets in at least two countries (NRCan 2016¢). Canadian mining and exploration cormpanies
accounted for 30 percent of 2014 global investment in exploration for metals {excluding iron) and Canadian annual
direct investment in mining abroad averaged C$69.5 billion from 2012 to 2015 (Marshall 2015).

wdds. Trends in annual value of production of the three mining industry groups (hgure 16) show the infly-
ence of commodity prices (figure 117, The production of most metal commodities ncreased from 2004 to 2014, but by
much less than the increase in value (Bgare 17). Production of coal and main non-metallic minerals either dedlined or

changed little over this period. Increases in value for these minerals reflect trends in price, not in production.
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v. The mining sector {including processing) represented 5.5 percent of GDP in 2015 and employed

about 345,000 people (ProMéxico 2016}, Precious metals make up the largest share of the industry, by valae, but a
wide range of commodities is produced. These official figures do not include unregulated mining that forms part of
the informal economy, in particular, artisanal and small scale mining for gold and mercury (see section on types of

mining, below),

fatd

3

de. Mineral exports (mainly metals) are an important source of foreign currency for Mevico. The trade surplus in

2013 was L

{Perez 2016).

310,35 billion, with the most important destinations for exports being the United States, Canada and Spain

. Mexico leads in silver production, accounting for 19 percent of the world’s silver

production in 2013, Mexico is among the top five producers of fluorspar, bismuth, wollastonite, cadminm, lead and
molybdenum (Perer 2016).

tmend. A few large domestic companies produce 60 percent of mineral output, but foreign investment is timportant
for the rermaining 40 percent of production (Brasdefer et al. 2016). In 2015, 267 mining companies operated in Mexico
with foreign capital (ProMéxico 2016} Of these companies, 65 percent are based in Canada, 16 percent in the United
States and 5 percent in China. Over one-third of projects undertaken with foreign capital were at the exploration stage
in 2015, The majority {64 percent) of projects with foreign capital are gold and silver prospects {ProMéxico 2018}, As
elsewhere, Mexico has experienced a decline in mining investment in recent years (MMR 2018).
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s. The cornbined value of metals production increased more than 400 percent from 2005 to 2013,
with the value of gold and silver production increasing by 1,500 and 800 percent respectively {(figures 18 and 18).
The value of non-metallic minerals and coal also rose over this peried, but by much less. Copper production volame
changed little, but the value increased by 200 percent. The opposite is true for coal, where lower prices were offset by

mcreased production (figure 19},
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iew. The role of mining and minerals in the U8, economy, from extraction to industrial use, is suruma-
nred in hgure 14, Value added by the mining industry to US. GDP which ranges from 0.3 to 0.5 percent, has increased
since the mid-2000s despite reductions in production of most main mineral products. The industry emploved an average
of 199,00¢ people during 2015 {BLS 2018), Employment numbers fluctuate but have generally declined since the early
2000s, especially in the coal mining industry, due to increased mechanization coupled with decreased production.

te. In 2015, the United States imported over halt of the raw mineral products consumed and was a net exporter

Fag

/z}z

of 18 mineral comnmodities {excluding coal). Overall, the US nonfuel mineral trade had a relatively small net export
value of 83 billion that year {USGS 2016).

tes In 2013, the United States was among the top five producing countries for several
metals, mdud ng gold, molybdenum, lead, copper and zinc. US. coal production ranked among the top three countries
for all types of coal. The United States was among the top three producers for several non-metallic minerals, including
phosphate rock, salt, sulfur, kaolin, boron, bentonite and gypsum (Reichl et al. 2016).

s, In 2012, over 14,000 operations muned coal, metals and non-metallic minerals in the United States
(‘\TMA 2014}, Amm&i investment in mining and exploration (including coal and natural gas, because the data are com-
bined in the investment statistics) fluctuated from over $17560 hillion to over $120 billion from 1999 to 2015, with a
decline of 35 percent from 2014 to 2015, influenced by lower commeodity prices (US. FIA 2016b). Cumulative foreign
direct investment in the US, mining sector (not including oil and gas) was 3105 billion in 2015, about the same value
as in 2010 {Organization for International Tnvestment 2016}, This is in contrast with an increase in cumulative foreign

direct investment in most U8, sectors over the same period.

s. The value of production for all three mineral industry groups rose steadily starting in the early
2000s, but the groups show divergent trends in recent years {figure 20). In contrast with Canada and Mexico, mine
production in the United States decreased for most commodities between 2004 and 2014, with the exception of iron

ore production, which did not change significantly (figore 21},
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2.2 Processes and Technologies

Most rock deposits contain metals or other minerals, When the
concentration of valuable minerals is too low to economically
justify mining, rock is considered a waste {or gangue mate-
vial}, Within an ore body, valuable minerals are surrounded by
gangue. The primary function of mineral processing (or ben-
eficiation} is to liberate and concentrate the minerals of value
{Grewal 20186},

ial that can be processed to
recover mineral commadities for economic
or strategic gain (Eckstrand et al. 1996},

Tailings: Ground rock and effluents
oroduced by a mine processing plant and
often transported by pipe to a tailings pond.

Waste rocle Low-grade ore and other rock
that has been excavated, but not processed,
during mining.

Processing metallic minerals from ore commonly involves several stages (figare 22} (modified from Grewal 2016):

.

1the separation of ore from gangue through crushing and grinding, reducing the size of the rock

particles. This process partially or fully exposes valuable minerals within the ore for further extractive processing.

This is required for three purposes: to provide an optimur particle size distribution for

mineral recovery techniques, to further reduce the size of larger particles, and to produce a product that meets par-

ticle size specifications for the market. Coarse materials are usually screened mechanically. Classification techniques,

which rely on differential settling rates of different sized particles in fluids, are used for more finely divided materials,

Oversize

Oversize é- Ejther

Comminution stage

(size reduction
to liberate target metals)

= and Transiers, Volume 15

Mineral extraction
(separation/ concentration)

Mineral concentrates
{processed onsite or sold
to separate extractive facility)

Chemical extraction
(extract valuable elements
from mineral)

Processing (beneficiation)

Either

Waste
material

METALS (sold to market)
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trativs. This stage occurs after the ove has gone through grinding, crushing, and classification

into the required particle size distribution. The goal is to produce a mineral product (concentrate} that can be trans-
ported to market for further refinement, such as through smelting. There are several physical and chemical separation
and concentration technigues, Froth flotation in a slarry mediom, one of the most widely used, selectively separates

minerals through air bubbling and addition of chemical reagents that atfect the surface properties of the minerals.

An additional step in mineral processing is the dewatering of mineral concentrates and waste streams, which is crit-
ical to the management of water supply and pollutant releases. Dewatering includes decanting and recycling of water
back to the mill for reuse as process water, as well as discharge of excess water to a tailings pond. Excess water can also
be treated, if required, and released. Dewatering reduces the mines water use through recvcling and minimizes the

volure of wastes that require treatment and disposal.

In all processing stages, the characteristics of the ore and of the targeted mineral{s) drive the selection of approaches

and technigues to liberate economic minerals from ore.

Specific techniques have been developed for extracting metallic mainerals from sorue types of ore, particularly for precious
metals such as gold and silver. Heap leaching, a type of hydrometallurgy, for example, uses passive migration of a dilute
leaching solvent such as cyanide through ore that has been crushed and stacked on a pad on top of an impermeable liner,
Collection ditches carry the ore-bearing fuids 1o a “pregnant” basin where the metals are extracted from solution (figure
23). Heap leaching is particularly efficient for the processing of low-grade and large-tonnage oves, and recovery can exceed

9¢ percent of the total metals in the ove. Microbes can be used to extract metals in a similar manner {bicleaching}.

S , . Leachate

|

Collection ditch

RUbberlining
at about 3° angle

Solvent extraction/Electrowinning

e an s oo as ae e e e ae e e e A R s e ae e e o e s g

Pregnant basin

Electro-
winning

Extraction Stripping

P

2 {207,

fon by Anna Ba

In tank and vat leaching, the ore is crushed and ground into a fine pulp or slurry, then put into large containers (tanks
or vats) with a leaching solution fo extract the precicus metals. The efficiency of this process depends on retention
times in the tanks or vats, the particle size of the crushed ore, the grade and the characteristics of the ore, the shury

density and the degree of agitation in the tank,

Placer gold {gold in sand and gravel deposits), tin and some other minerals are recovered using gravity separation
techniques. Sluice boxes, tromumels, jigs and other equipment are used with water to separate these heavy minerals

from the less dense host rock.

HRmission for Envirenmentat
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In contrast to the metal mining industry, non-metallic (industrial} minerals are often marketed and wsed in the form
in which they leave the beneficiation plant, without further processing or manufacturing. Their market value depends
on the characteristics of the deposit and specifications of the final project, such as grade, moisture content and particle
sive {Kogel et al. 2006).

The same stages and many of the same technigues that are used o process metals may also be applied to non-metallic min-
erals. Industrial mineral processing almost always involves comminution, sizing and some form of packaging for shipment,

In addition, washing and dewatering are often required. Commuodity-specific processing techniques from the range of

mechanical, chemical and other methods used in metal processing may also be emploved (see the examples outlined in box 3}
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Potash is mined either through conventional underground mining methods or (less frequently) by
mining, in which brine is n]ected into the ore body and pumped back 1o the surface. The s¢ :
he solubility of potash

technique and much of potash processing (see figure below) fakes advantage of the
salts in heated brine. After crus hi”g, '10"1m*mu remaves clay, sand and dolomite by scrubbing and/or

flotation. Following further treatment and drying, screening separates the product into standard size ranges
for marketing, Fine material is compacted into boards that are broken up to form granular pots
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Coal is either shipped anprocessed or it is processed to dif-
ferent degrees, depending on the type and quality of the raw Types of coal

coal, the intended use of the coal, and other factors such as Anthracite (metatlurgical coal): used in

transportation costs and the availability of water (NAS 2007}, steel production

In the United States, brown coul {see definition box) is rarely

) . - Bituminous coal: mainly used in power
processed before shipment and use, o X
generation {thermal coal)
Coal processing mayv involve crushing, screening into size ) - . .
: L & & Brown coal (subbitumincus and lignite,
witich is lower grade): produces fuel and
steam for industry and is used in coal

on and liguefaction

groups, gravity separation in water or another fluid medium,
and washing {often using froth flotation} to remove non-or-

ranic waste rock {(Mash”}. The last stage ts dewatering, which

A fotd

may include thermal drying using coal- or gas-fired burners

{(NAS 2007}, The processed coal is then stockpiled tor trans-
port to market,

Coarse waste material is trucked to a solids disposal area and tailings are usually piped to a tatlings pond. After the
solids have settled out, the water in the tailings pond is recycled to the processing plant (NAS 2007).
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The mix of pollutants treated, stored and, in some cases, released from mines is site-specific, influenced by the geo-

chemistry and physical properties of the ore body and the mining and beneficiation processes used to concentrate the

minerals. The pathiways that the pollutants follow and their effects on the environrment depend on local conditions such

as climate, topography, and rock, soil and water characteristics. The effects from releases of substances also depend on

human use of the area and on what aquatic and terrestrial species are in the vicinity, Bvaluating the risk associated with

refeases and transfers of substances can be coraplex and requires consideration of a number of factors (see chapter 3

and appendix 1—Using and Understanding Taking Stock), Nonetheless, pollutants or groups of pollutants with known

envirorumental and health impacts tend to be associated with specific types of mining.

The general discussion below on releases of pollutants to air, land and water is augmented by examples of pollatants

and pollution issues associated with certain mineral commodities produced by the mining sector. Note that the path-

ways of potential pollutant release discussed in this section are
not limited to those that are reported through the North Amer-
ican PRTRs. This section locks more broadly st mine pollution
from current and historical mining, Section 2.4 and chapter 3
distinguish the pollutant releases that are reported through each
countrys PRTR,

Pollutants may be released throughout the mining life cycle as
emissions {fo air), efffuents {to water) or releases or depuosits to
fand. Pollutants may leave the mine site from diffuse sources such

as evosion or due to spills or equipment malfunctions (figare 24),

Drast and vehicle exhaust are released throughout a mine’s life
cycle, especially at quarrying operations and open-pit and sur-
face mines. Dust and vehicle emissions may alse be due to asso-
ciated activities such as shipment of concentrate or transport
of materials to the mine site along roads, Dust can be a health
problern for homans and for wildlife and it can also harm veg-
etation and aquatic habitat when it settles. The mining industry
manages dust through a variety of methods such as watering or

C cwering p{)tﬁﬂ’ﬁ'iﬁi dust sources.

Dhuring mine operations, beneficiation processes emit substances
that can be harmful to humans or the environment, especially
from drying stages that involve heat, These stack emissions may
contain metals; gases such as sulfur dioxide, nitrogen oxides and
volatile organic compounds; and fine particulate matter.

Pollutant releases to water and land are often interlinked
Releases to water from mining include efffuent {"end-of-pipe”
discharges} from mine workings and mineral processing, usually
from a treatment facility or a settling or tailings pond. Releases
also include water that has run over or percolated through dis-
turbed land and waste rock that was deposited to land, perhaps
many vears previously, Water can transport pollutants down-

stream, with some settling into river and lake sediments {where

Taking Stock: Newth Americen Pollutant Releases and Transiers, Volume 15
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the pollutants may only be teraporarily stored and later re-mobilized), some being taken up by aquatic plants and
animals and transferred through food chains, and some entering groundwater and polluting aquifers. This process of
moving potlutants from their sources on land inte the aquatic environment can continue for a very long time after the

mine has been decornmissioned.

The severity and longevity of water pollution from mine sites is often related to the ore body type. Sulfor-bearing ore

from rocks through oxidation. This is a natural process that is accelerated by exposing sulfur-rich rock to water and
oxygen. When not properly treated, acid rock drainage (ARD) can carry metals into streams and contaminate water-
bodies after mine closure. It is a problem particularly for sbandoned mines and requires very expensive maintenance

and rehabilitation that is generally borne by governments.

Waste rock and tailings are the main sources of pollutant disposals or releases to land. Waste rock is placed in piles or
as backfill in open pits or underground workings. Tailings can be disposed of in ponds {the most common method),
dewatered and disposed of as dry tatlings, or thickened and used as backfil] in underground mine workings. The water
in tailings ponds that is not reused in processing evaporates and/or is discharged as efffuent. The remaining solids accu-
mulate in the pond, confined by a dam. Pollatants initially disposed of or released to land can later enter strears, lakes
or the ocean through the seepage of surface water and shallow groundwater from waste rock piles and tailings facilities,
Pollutants released to land can also later be spread to surrounding areas through windblown dust,

In addition to the planned and managed releases of regulated substances to air, water and land described above, pol-
lutants may be released through malfunctions and spills. Solids or toxic liquids may be spilled, including concentrates,
fuels and mine reagents. Malfunctions include equipment failure, causing leaks, releases of unireated effleent or emus-

sions, and catastrophic malfunctions, such as the falure of a tailings pond dam,

Pollution associated with mining may also be a result of past mining practices or of comumodities that were mined in
the past. For example, asbestos, which is no longer mined in North America, remains an issue for health protection
and waste disposal due to the widespread past use of asbestos in construction and consumer goods. Asbestos use is
still permitted in North America-—although it will be phased out in Canada by 2018, Mining of asbestos ceased in the
United States in 2002 and the last two Canadian ashestos mines shut down in 2011 (USGS 2014, SSHRC). Asbestos has

not been mined in Mexico,

Past mercury mining and past use of mercury in gold and silver mining continue to be sources of pollutant refease to
the environment. For example, the dispersal of mercury from tailings produced by past silver ore beneficiation plants
in the fown of Cedral, State of San Luis Potosi, Mexico, continues to be a concern for public health (Morton-Berrea
et al. 2015}, Mercury accumulation in lake and strear sediments in the western United States is strongly influenced by
past and current mercury releases from mercury and gold mines that have not operated for many years. In some aveas,
mercury is elevated well downstream of past mining activity, such as in the Sacramento-8an Joaquin River Estuary in
California {Fagles-Smith et al. 2016),

Poltution may also be associated with ongoing mining that is not included in national mineral production and pol-
lutant release statistics. In Mexico, artisanal and small-scale gold mining and “informal” mining of mercury constitute

a health and safety risk and a source of environmental pollution {see box 4).

Seme examples of pollutants associated with mining are presented in table 9.
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Commodity Examples of Pollutant Releases

o, Examples of Pollufant Releases Typically Assodiatied with Production of Some North American Mineral Commodities

Befersnces

cid rock drainage (ARD) Ore hodies bearing these minerals are oite dch 1 fron stlide {pyrited or other sullide minerals b
ork comes intg contact with cayeen aind water, sulfirie acid may be produced. The acidie {an pH water deains throleh waske
ook and tallings, dissolving metals. The metal-laden waler Hows inds sheams or seeps into srface and aroundwater The acidite
may become nsttralized when Hhe water runs thrsush rocks and spils, whish calises seme of the mstals to precipiiate oul indp
sediments. Even ot high pH lovels, however, sipificant amaluts of some metals may renvain dissolved. Metals cocur natinally
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orms, often assoviated with sulfide ores that are pione to BBD which dissolves arsenke alo
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2.7 Bining Laws and Regulations

North American regulatory systems for mining reflect each country’s federal government structures, with mining
being regulated at federal and state, provincial and territorial levels. Municipal regulations and regulations based on
Indigenous land and governance regimes are also relevant in some areas and for some types of mining. The regulatory
regimes are complex and this section provides only a broad overview. The focus is on regulation in relation to poliut-

ants released and transferred from mining activity.

Mineral resources management in Canada is a shared responsibility between federal, provincial/territorial and Aborig-
inal governments. Most land in Canada is government-owned and rights to subsurface minerals, even on private land,
are generally reserved by government {either federal or provincial/territorial). Allocation and management of mining
claims and leases falls under provincial and territorial authority, The federal government has jurisdiction over some
areas that can be affected by mining, such as fisheries, migratory birds and transboundary waters. The environment,
however, is a shared jurisdiction withowt clear boundaries. The federal governments regulatory framework plays a
strong role in mining. Main federal laws that are relevant to pollutant releases and transfers from mining activities are
summarized in table 10,

Key Federal Laws Regulating Pollution from the Canadian Mining Sedior

Provides for the asaeasment and mitigation of ewvironmental effects of o praject

Addresses pollution proventisn and the piotection of e sivironmett and human health, Alsa regulates
e lise and disposal of foyle substances.

Contains provisions to prevent depesit of delsterious substances in walers fequentad by fish. The Melal
Mining Effluent Regulations dnder this Aot establish oriterda for effiuenl discharges and standands for
mondtoring enviconneatal elferts.

Sets reatirerents for handling and bansporting lrzardaus substances, ncluding axplosives, tavie
sitbstances and gases

Governs all aspects of wranium mining, including environmental effects.

Sogrrees MAC (20100} Baldwin and Fipke 45 Canadhan

Commussion (614},

Permitting and oversight of mining is the responsibility of federal and provincial or territorial governments, as well as
Aboriginal governments, where there are settled land claims and self-government agreements. Some examples of areas
for which regulatory permits, licenses and authorities are required for mining are:

s water use and water discharge;

e land use;

*  protection of agquatic and fisheries resources;

s protection of wildlife and terrestrial resources;

*  protection of cultural and heritage resources;

*  closure and reclarnation planning (including security assessment);

¢ protection of species at rislky

*  {ransport, handling and storage of dangerous goods and use of explosives; and

*  storage and management of mine waste,
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Provincial and tervitorial governments, and some Aboriginal governments, have their own regulatory processes for
many of the above areas. In addition, provincial and territorial governments are largely responsible for the roads and
other infrastructure associated with most mine development projects.

Uranium production is regulated by an independent nudlear regulator, the Canadian Nuclear Safety Commission, in
accordance with the Nuclear Safety and Conirol Act. The Commission approves and regulates all stages and aspects
of wranium preduction, including environmental assessment, pollution control and decomunissioning (NRCan 2014,
Canadian Nuclear Safety Commission 2014). Uranium mines are also subject to the Metal Mining Efftuent Regulations

under the Fisheries Act.

Environmental impact assessments, or BlAs {expanded to include socio-economic impact assessments in some juris-

dictions}, consider mining projects in terms of terrestrial, aquatic, socio-economic and cultural settings. Environ-

mental effects, mitigation measures, curnulative and residual effects (potential effects remaining after mitigation) are
assessed through a process that includes public consultation. Management, mitigation and moenitoring plans, plans
for preventing and responding to accidents and malfunctions, and closure and reclamation plans must be developed

before the project is approved.

Bach province and territory has its own approach to conducting environmental assessments, The federal act (CEAA) applies

m partnership with provincial assessment processes. Depending on the jurisdiction and the scale of the project, proposed
mines may be required to undergo an assessment through both provincial and federal systerms, In northern Canada {(Yukon,
Northwest Territories and Nunavuat) assessment processes have been established through land claims agreements and are
overseen by appointed boards (see box 5. A completed EIA does not allow a mining project to proceed to construction, but

provides a basis for regudatory approvals for both federal and provineial or tervitorial governrents.
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it of rining projects proposed for the Yukon are governad
Soclo-Economic Assessiment Act (YESARY of 2003, a requirement
s Yekon First Nations land claim settlement agreements. YESAA sets out the terms and processes for
nroject assessment and provides for the establishment of an independent beard (including board members
inated by First Nations) to conduct assessm and make decisions on project approvais. Assessment
8" pote cts on Yukon Aboriginal persons’ rights under the land
Honship with the wilderness environment, and their cultures, traditions,
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Mexican government ownership of mineral commodities is enshrined in the country’s constitution and the mining industry
falls under federal furisdiction. The Ministry of Bconomy (Secrefaria de Economfa) oversees Mexicos mining lows and reg-
ulations, and grants concessions and fitles, The Mining Law {Ley Minera), which governs the exploration, production and
processing of mineral resources through concessions, allows 100 percent private ownership of capital stock for mineral explo-

ration and production of all minerals {excluding oil and radicactive materials). Exploration concessions are granted
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for & years and cannot be renewed, while production concessions ave granted for 50 years, renewable for another 50 vears,
Foreign ownership of equity in mining companies is permitted. Changes were introduced to mineral sector taxation, fees and

vegulatory regimes in 2014 to streamline administration and as part of a comprehensive tax reform.

Mexican federal law provides the framework for regulation of mining-related pollution through laws, regulations and
enforceable official standards (Normas Oficiales Mexicanas——NOMs), The main enviconmental legislation is the Law
of Bcological Balance and Bavironmental Protection {(LGEEPA), which comes under the authority of the Ministry of
Bnvironment and Natural Resources {Secretaria de Medio Ambiente y Recursos Naturales—Semarnat). Environmental
authorizations issued by Semarnat include mine operating permits, permits for water discharge and permits related to
disposal of waste rock and tailings. Mexico's main federal laws that are relevant to the control of pollution from mining

are presented in table 11.

i Key Federal Laws Regulating Pollution from the Mexican Mining Secior

fis law authorizes mining soncessions and activities (explotation. exdraction and
enaliciation). The rogulation of this faw requires that these achivities comply

ih all federal and stale snvironmental rmeulations, Including requitements for
vimnmental impact assessments.

he primany environimental law LGFEPS, sebs out policies and overall ealstation for
srviranmiental fenulation. The law also favs out He division of resnonsibilities amang
aderal slate and mup upat goveraments.

Regulations under the law cover waste chatacterization aud management,
duding havardols waste aid other wastes requining special managsment
Ne faw also covers remediation of comtaminated altes and establishment of
iahilities and responsibilities for remediation,

sulates water Use and preservation of water quantity and guality. Constitutional

arin in 2012 mandated development of & new National Waler Law and & new lany
developed through sitlzen consullation, has been proposed.

In addition to the laws presented in the above table, specific activities undertaken by the mining sector in Mexico rust

comply with the standards (NOMs) listed in box 6.

ton Jmmotu ngs ¢ ar
NOM 1.47~Semamat,’SSAiwzmq« £
contaminated by arsenic, hari beriliium, cad
thallium and vanadi

NOM 155-Semarmnat-2o07 Establishes environmental protection requiremants of mineral leaching systems for gold
and silver mining.

NOM 157-Semarmat-200g. Fstablishes criteria and procedures for implementing management plans for mine

N{}Misg&emamab;mm Establishes environmental protection requirements of mineral leaching systems for copper mining.
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Water use allocation for most mining activity is also under national authority, as the federal government has jurisdic-
tion over waters that cross state boundaries or international borders, as well as other water bodies that are considered
national property. Water concessions are granted through the National Water Commission {Comisidn Nacional del

Agua—Conagual, which holds responsibility for managerment and safekeeping of national water bodies,

State governraents are empowered to prepare and enforce policies to protect the environment from pollutant releases,
States have agthority over the fate of special managerment wastes, or wastes generated during production processes and

not defined as hazardous {Basurto and Soza 2007 ).

A requirement for submission of Environmental Impact Statements (BI8) for mines and beneficiation plants was intro-
duced in 1996, The statements must be approved by Semarnat before licenses and permits are issued. The EIS for a
new mine requires the identification of potential harards from mining wastes and plans for waste management and
disposal sites. The proponent must demonstrate that mining facilities will be designed, constructed and operated in

accordance with environmental standards and specifications to protect groundwater, surface water and other aspects

of the environment.

Mining in the United States is managed through a comprehensive regulatory system that is based on a framework of
federal and state laws. The regulatory regime applicable to any one mine depends on whether the mine is on federal,
state, tribal or private land {or a combination}. Mineral rights in the United States are either associated with surface
fand ownership {mainly in the eastern states) or are retained by the federal govermment (mainly in the western states).

Hardrock mining operations must comply with federal environmental laws and they must obtain approvals from the
appropriate federal and state agencies. The permitting process is intended to ensure that operations are fully protective
of public health and safety, the environment, and wildlife. The applicant must demonstrate that it will comply with
design and operational requirements that minimize the risk of significant spills or other releases that could adversely

pmpact the environment, and that it will undertake post-mining reclamation activities,

Several laws agthorize and govern mining on public lands, including the General Mining Act of 1872 and the Federal
Coal Leasing Amendment Act of 1976 (US. Fish and Wildlife Service 2013). Federal land is managed by two agencies:
1) the Bureau of Land Management (BLM), which derives its authority from the Federal Land Policy and Management
Acty and 2 the Forest Service, which derives its authority from the Organic Act and the National Forest Management
Act. The National Environmental Policy Act {NEPA) defines processes for evaluating major federal actions that sig-
nificantly affect the environment, including the permitting of new mine development on Federal lands by BLM and
the Forest Service, Other U8, federal government authorities that have responsibilities for the approval and permitting
of mining projects inclade the Avmy Corps of Engineers, the Department of Interior’s Office of Surface Mining, The

Nuclear Regulatory Coramission and the Environumental Protection Agency (EPA)L
Examples of major faws that authorize environmental regulation of ULS, mining operations are suramarized in table 12

Regulations to protect against impacts from granium processing are under the Atomic Brergy Act and the Uranium
Mill Tailings Radiation Control Act. The EPA, the Nucdlear Regalatory Compmission (NRC) and the Department of
Energy {DOE) all have defined roles through these regulations. Conventional uranium extraction by underground and
open pit mining is regulated by the BLM or Forest Service and/or the states, depending on land status, In situ mining,
now the most common uraniwm recovery method in the United States (see table 93, is regulated by the NRC as it is
considered to be primarily processing, rather than mining, because the ove is chemuically altered during the extraction
process (U.S. Nuclear Regudatory Commission 2016). However, BLM, the Forest Service and states consider in situ ura-

niurn recovery fo be mining, so in situ uranium operations are alse governed by those regulatory authorities, as well.
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». Koy Federal Laws Regulating Pollution from the United States Mining Secior

avironmental sonsiderations are brought tnds federal decisions,
deral approvals of mining operations.

Bogulates specitic types of al emissions Bam mining though al permits.

Regultes the dischargs of pollitants, including miining discharses, pimplng o dralning
of crobudwater o the sirface, and rorhiol of seepape and o thiough pemitting.

Repulates e releass of havardnus wastes. However, most high wlinme, o todcity
mine wastes are svempt from regulation tnder bis act W 'm regalations wers first
devsloped in 1978, ol minlng wastes were calenarlied a3 Dspecial waste,” sibject
m further study and ot included as havardous wastes Regulation changss since
rave rmplaced the overall exclusion with a list of specilic mining wasts s
at ate excluded from federal hazardous waste ratlations.

Renires the EPS ’m arioritize existing chemleals for risk svaluation and canduet
evaluatians of Woh-priorly chemicals When unrsasanable risks are Hentified.
{18 act requly e.om EPR tn take dsk ianagement action, which could include
conditions o use, phase-outs, or hans of the tore substances.

Enables the soveniment toclea ip land hold responaible parties Hable for the custs
ofi untemediated sites, including cluosed mites, that release havardois substances.

tablishes @ sationa program Tor permitting swtace cosl mining operalinns and
seilating the surface impacts of surfase and undersradnd coal mining. The aot
establishes ederal performancs standards for permitting and reclamation, which
are mel or exceeded by approvad state propiams.

Souirgs nerican xeoscisnces nutiing Y an HPA (20180

Nurnerous state laws govern the permitting and regulation of mine projects in relation 1o reclamation requirernents,
water pollution, groundwater quality, water rights, wetland protection, and others. Mining regulatory regimes vary
from state to state and by land type. Mining regulations in the state of Nevada, an tmportant U8, mining region, are
sumumarized in box 7, Other jurisdictions across the United States have similar responsibilities for the approval and
operation of mines. Federal and state agencies, for example, require that waste rock be placed in engneered structures

that contain contaminants and control ARD. Agreements between federal and state agencies provide frameworks for

coordinating regulatory and approval processes.
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Proposed mining projects that are on {or may affect) federal land or vequire a federal permit, and that have the poten-
tial for significant effects on the environment, require Environmental Impact Staterents (EI8) under the authority of
NEPA. The FIS includes consuderation of project alternatives, description of the environment, assessment of potential
fmpacts and plans for mitigation. The scoping and review processes for the EIS include public consultation and pro-
vide a clear record of decisions for mine operations and for mitigation measures. For smaller mine proposals, a less

comprehensive environmental assessment is often required to assist federal regulators in assessing the significance of

2. Reporting of Pollutant Releases and Transfers by Mining Facilities

While there are many sources and pathways for potential pollution from the mining industry, pollutant releases and
transfers reported through the PRTRs are mainly limited to the production stage. Pollutant releases and transfers from
other stages of the mining ife cycle are not generally reported. PRTR reporting also takes into account only those dis-
posals, or releases divectly to ai, to land, or 1o a stream or water body and does not include subsequent pollution that
may result from wastes placed on land that interact with water and then pollute groundwater or surface water. The most
common example of this delayed effect is acid rock drainage, which can be a source of pollution for many years after
the initial disposal of acid- generating rock onto land.

The PRTR programs of Canada, Mexico and the United States all require operating mines to submit annual reports
when specific conditions are met. Differences in the reporting requirernents of the three systems, however, contribute
to significant differences in the types of mines that report, and the types and quantities of pollutant releases and trans-
fers they report. This section describes the three national PRTRs, the differences among the systems and the signifi-
cance of these differences for interpreting data reported by North American mines and integrated and presented in the
CECs North Amertcan PRTR database, Taking Stock Online (seer wwwi.cec.org/takingstock).

The North American Industry Classification Systern (NAWCS) provides a standardized way of classifying and deseribing

mdustrial activities in North America. Canads, Mexico and the United States all ase the NAICS as a basis for reporting
through their PRTRs. The system uses activity codes that reflect its hierarchical structure. Codes range from two to six

digits, with each added digit providing more specificity. The two- and three-digit codes related to the mining industry are:

= 21: Mining, quarrying, and ol and gas extraction, which is subdivided into
211 O and gas extraction
o 212: Mining and quarrying {except oil and gas)
213: Support activities for mining, and oil and gas extraction
s 31.33% Manufacturing, which includes
o 327: Nen-metallic mineral product manufacturing {(which includes cutting and grinding of stones
and making bricks, cement and ceramic products)
o 331: Primary metal manufacturing {which includes smelting and refining of metals and the
production of allovs).

The focus of this chapter and chapter 3 is NAICS code 212, Mining and quarrying {except oil and gas). Although the
three PRTR systems use somewhat different NAICS versions for classifying types of mining at the more detailed level,
they all use the prirmary four-digt NAICS division into mining for coal, metals and non-metallic minerals. Box 8

describes what is included in each of these codes.
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Characteristics of the national PRTR

prograrus, particularly as they relate to mining (NAICS code 212}, are surmn-

marized in table 13, The three North American PRTR programs, which are described move generally in “Using and

Understanding Taking Sfock” (see appendix 1) are;

*  Canada: National Pollutant Release Inventory {NPRI)

s Mexico: Registro de Emisiones v Transferencia de Contaminantes (RETC)

¢ United States: Toxics Release Inventory (TR},
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Table 13 summarizes only the PRTR reporting requirements that apply to specific mining activities in each country.
The three PRTR programs, however, do not cover every activity within this and other industrial sectors. Moreover,
PRTRs do not cover some important non-industrial sources of pollutants, such as agricubtural activities and transpor-

tation, which are known to contribute significantly to North American pollution.”

As can be seen in this table, the PRTR systems differ in the types of facilities or activities subject to reporting, in the
pollutants required to be reported, and in the thresholds that trigger the requirement to report. Because of these differ-
ences, which are demonstrated in the data analyses in chapter 3, Mexico reports much lower quantities of mine-related
pollutant releases and transters than Canada and the United States, even when the relative sizes of the mining industries

are considered. An additional reason may be a lower rate of facility compliance with reporting requirements.

Anocther consequence of the differences in reporting requirements is that relatively fewer mining facilities report in
the United States than in Canada {when the sizes of the industries are taken into account). This is because the TRI has
more exemptions for specific mining types and activities. Differences in pollutant thresholds alse lead to significant
differences in what is reported. For example, selenium has a much lower reporting threshold in Canada than in the
United States, potentially vielding more reporting of selenium releases and transfers in Canada. The main features of

the three national PRTRs in relation to mining are discussed below.

Reporting is not restricted to specific sectors or industrial activities but instead is based on whether or not a facility
refeases or transfers pollatant types that ruost be reported (EC 2015). Reporting is required when thresholds for pol-
futanis and the number of facility employees or production levels for certain activities are reached or exceeded. Mining
extraction and crushing activities were exempt from the NPRI prior to 2006 and reporting of pollutants disposed of

on-site in waste rock and tailings was not required until 2609 {retroactive to 2006) (ECCC 2015, Thorpe 2002}

and crushing of ore is not included {CEC 2014¢). Reporting on-site disposal of pollutants in waste rock s not required
and, in practice, disposal of pollutants in tailings #s also not reported. The pollutant list excludes many metals that
are commonly associated with mine pollution, such as copper and zine. Mexico’s system, however, may capture some
smaller mining operations as compared with the US, and Canadian svstems, as the pollutant thresholds are lower and

there is no reporting threshold based on numbers of employees.

o

With the exception of federal facilities, reporting is required when a facility corresponds to a 6-digit NAICS code cov-
ered by the TRI and when the pollutant thresholds and the number of facility employees are reached or exceeded. All
NAICS codes assoctated with coal mining and metal mining are covered by the TRI, with the notable exceptions of
the mining of iron ore and uranium. Non-metallic mineral mining operations {codes under 2123) are only required
to report if they are primarily engaged in beneficiation and do not have a mine or quarry on-site (118, EPA 20164},

Poltutants released or transferred during excavation and crushing in non-metallic mineral mining are not reported.

Diitferences in reporting requirements can complicate comparisons of pollutant releases and transfers among the three
countries. General PRTR reporting differences related to facility coverage, pollutant coverage, pollutant threshold, and

employee threshold were ntroduced in the previous section. This section focuses on comparability issues ruportant
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in the interpretation of the pollutant releases and transfers reported by North American mining facilities for the 2013
reporting year, and presented in chapter 3. A more comprehensive comparison of the three PRTR systems can be found

in annex | of the CEC’s Action plan fo Enhance the Comparability of Pollutant Release and Transfer Registers (PRTRs)
in North America ({CEC 2014a). This section s based on the CECs Action Plan and on government documentation

for the three PRTR systerns (US, EPA 20164, LS. BPA 1999, US. EPA 2014b, BC 2013, ECCC 2015, Semarnat 2016a),

Use ofa sing’ie classification system makes data reported by the three systems comparable across North America, but
there remain some areas of inconsistency in the application of NAICS codes from facility to facility, and from country

to country. Potential sources of inconsistencies inclade:

£

. Under the TRI, establishuments can

report under as many as six NAICS codes if ﬂwv have multiple distinet businesses that fit into different NAICS
categories, with one of these codes identified as the primary business activity. For example, a multi-business
establishment may report pollutant releases and transfers as a metal mine (2122) and also as a smelter (33141)

(LS. BPA 2014b). However, if both smelting and mining activities are carried out by one business, only one
NAICS code is used for reporting. In the NPRE and RETC, facilities are identified by one NAICS code only. As
a result, in the three countries, pollutant releases and transters associated with other activities, such as smelting,
may be reported under a NAICS code for mining,

N ¥
® .

- NAICS code descriptions are updated every five years in a collaborative

process involving agencies in Canada, Mexico, and the United States, However, the three PRTR systems are not

synchronized in their use of the most recent version of the NAICS, which can result in inconsistencies among
the systerus in terms of which codes and descriptions are used in a given reporting vear {CEC 2014¢). The most
recent update to the NAICS codes was in 2012, No changes were made to codes or descriptions in the mining

sector {18, BLS 2012}; therefore the 2012 update i3 not likely to have resulted in any inconsistencies for the 2013

reporting year.

£

NAICS codes are self-reported by facilities and are soretimes reported incorrectly or
mconsistently. This is particularly true at the five- and six-digit code level where facilities that undertake very
similar activities sometimes report incorrect or invalid codes {CEC 2014a). Data analyses performed at the
levels of “Mining, except oil and gas” (three-digit code) and industry group {four-digit codes) are less likely to be
affected than analyses at the five-digit and six-digit levels,

£

tes. In the United States, aplementation of NAICS codes for TRI reporting
began in 2008, lmngmg the TRY in line with Canada’s NPRL In Mexico, facilities have only been rcqunegi

to report using NAICS codes beginning in 2012, Prior to 2012, Mexican facilities reported according to the
Clasificacién Mexicana de Activades v Productos (CMAP) industrial classification codes, which were mapped to
NAICS codes by the RETC staff. The short history of NAICS code use by M

in the United States and Canada is a potential source of inconsistency in code application,

sxican facilities compared to its use

The number of reportable pollutants under each PRTR system differs (table 13), with the U8, and Canadian systems
covering far more pollutants than the Mexican system. Mining facilities reported releases or transfers of 79 substances
for 2013 {chapter 3}. Only 15 of these were common to all three PRTR systems. The expansion of the RETC pollutant
fist, effective for the 2014 reporting vear {Semarnat 2014), does not alter this low degree of comparability, s none of
the pollutants reported only by Canadian and 118, mines were added to the list. Only seven of the top 25 mining sector
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pollutants (which make up greater than 99 percent of the sector’s releases and transfers) were common to all three
reporting systems: lead, arsenic, nickel, chromium, cadmium, cyanides and mercury (and their compounds), Zing,
manganese and copper {and their compounds), all commonly released or transferred by metal mines, are required to
be reported in Canada and the United States, but not in Mexico. Total phosphorus is only reported in Canada, and
bartum is only reported in the United States.

An issue of PRTR comparability related to the reporting of metals is that in Canada, with a few exceptions, facilities
must report releases or transfers of metals together with their compounds {e.g., cadmium and its compounds). The 1S,
TRI and Mexican RETC generally require separate reporting of individual metals and their compounds—but as there
18 no way to know which substance or its compound{s) were released or transferred by Canadian facilities, the data are

grouped in the CECs North American PRTR database, Taking Stock Online,

The PRTR systems also differ in the pollutant thresholds that trigger reporting, with the RETC in general having lower
thresholds, The differences are marked for several of the most common mining-related pollutants (table 14}, and this

needs to be taken into consideration when comparing reported releases and transfers of these substances.

CMational PRTE Reporting Thresholds for Selected Mining Pollutants

Reporting Threshold e}
Lanada BRI

factared (), processed (P, or ot

3 ¢f chyoruium,

therefore, there is no category for the reporting of pollutants disposed of on-site through tailings. As a result, they are
not reported, In both the TR and the NPRY, a pollutant in tailings, including a natural substance, must be reported if
it exceeds a threshold quantity that is manufactured, processed or used at the mine. De minimis exemptions {concen-

tration thresholds below which reporting is not requirved) are not applied.

Because waste rock is a byproduct of mine excavation and does not result from beneficiation, pollutants in waste
rock are not required to be reported in cases where the PRTR only applies to beneficiation. Disposal of pollutants in

waste rock is, therefore, not reported for any mine in Mexico and is not reported for non-metallic mineral mines in
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the United States {table 13}, Thresholds are applied to waste rock differently from the way they ave applied to tailings.
Under the TRI, a pollutant in waste rock {at a metal mine or a coal mine) disposed of on-site is not reported unless
it exceeds the pollutant mass threshold due to releases through other pathways—the amount in waste rock does not

count towards this calculation. If the mass threshold is exceeded, disposal of the pollutant through waste rock must

be reported and the de minimis concentration exemption does not apply. Under the NPRI, waste rock is included in 2
substance’s mass threshold calculation—unless the rock is classified as inert. If a substance is to be reported in waste

rock, a de minimis exemption may apply, depending on the classification of the substance.

Waste rock disposal at any mine can vary dramatically from vear to year principally due to variations in the concentration
of the metals and volurmes of waste rock mined. This often accounts for the relatively large changes in fotal releases and

transfers that are sometimes reported by metal mines in consecutive years. These year-to-vear fluctuations can also be

exaggerated by a facility crossing @ quantity threshold or qualifying for the de minimis exemption one year and not the

next, or vice versa. Box 9 summarizes information about de mininids thresholds and their application in the NPRIand TRL
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The national PRTR systems differ in the categories under which pollutant releases and transfers are reported. This
variability limits the types of comparative data analyses that can be undertaken. Table 15 shows the on-site reporting
categories for each national PRTR and the categories used by the CEC’s Taking Stock Online (the searchable North
American PRTR database) to combine and standardize the data from the three national systerns. The table illustrates
the variety of waste management categories that creates challenges for comparing data across North America. As men-
tioned above, a difference that has a major bmpact on our ability to understand data reported by the mining sector
{especially relating to the management of tailings) is that unlike Canada’s NPRI and the U.S, TR, Mexicos RETC does

not have a category for reporting of on-sife disposal,

L Onesite Reporting Categories for sach PRYR System 2013
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The NPRI and TRY require reporting on non-point-source air emissions, while the RETC does not. Fugitive and other
non-point air emissions can be significant for mining, though they are often of concern in relation to particulate matter,
which is enly reported in the NPRL The NPRI is the only system with a specific requivement for reporting particulate
matter from road dust, As described in chapter 1, the Canadian program alse requires reporting of criferia air con-
taminants {(CACs), while Mexicos RETC includes reporting of greenhouse gas emissions (GHGs). However, because
emissions of CACs and GHGs are not reported consistently under all three PRTRs, they are not included in Taking
Stock Online.

Water releases, like air emissions, can be point-source or can be in the form of diffuse drainage through the mine site
1o streams and water bodies. The TRY requires stormwater runoff 1o be estimated and reported if it is monttored. Cana-
dian mines subject to the Metal Mining Efffuent Regulations roust collect and treat stormwater before releasing it as a

point source discharge. Follutants in this managed runoff are reported through the NPRL

Releases to land are aggregated in the RETC and include spills, underground injection, land farming, and landfilling.
As noted previously, pollutants in waste rock are not required to be reported and there is no category that covers tail-
ings. There is, in addition to the categories shown, an off-site RETC reporting category called “final disposition” As a
result, the on-site land disposals that would be reported in the United States and Canada, and that make up the bulk of
pollutants reported by the North American mining secton are not reported by mines in Mexico,

In Taking Stock Ounline, pollutant disposals or releases in tailings, waste rock and spills are not distinguishable because
they are grouped into the “disposal or land releases” category or, in the case of spills to water, inte “surface water
discharges” While this is necessary to accommodate key differences among the three PRTRs, it can Hmit our under-
standing of the data reported by mining facilities across North America, as these three types of pollutant disposals or
releases are the most significant for many mines. They are also very different from one another in their potential risk
to envirommental and human health, and they are different in terms of scale; therefore, they should be looked at sepa-
rately. Additional points about these types of mine disposals and releases are:

*  Disposal of pollutants to tailings areas is reported as a separate category in both the NPRI and the TRY and thus

can be analyzed and compared by accessing data frorm the nations] systems.

s Disposal of pollutants to waste rock disposal areas is reported as & separate category in the NPRY, but grouped

with several other types of land releases in the TRL

»  Spills can be distingoished from other types of releases only in the NPRL In addition to the inconsistencies
amaong the three PRTRs in the categorization of spills, the requirements for spill reporting differ in a way that
is significant for the mining sector. Spills from accidents that release pollutants from one medium to another
{such as from tailings to surface water) are required to be reported through the NPRL In the TR, however,
the quantity of a substance that has been reported as released to one medium is not required to be reported
again if the substance, or a portion of it, later migrates to a different medium (e.g. if a chemical that is liquid
in its natural state is released on land, the quantity released is reported. I over a thme a portion of the chemical
evaporates, the quantity that evaporates is not reported as a release to air—Ii.e,, a release is not to be reported
twice). Thus, a release from a breached tailings darm (the source of most major mine spills) would be required to
be reported under the NPRE, but it would not necessarily be reportable ander the TRL In Mexico, data for spills
from accidents are reported through the Cédula de Operacion Annual (COA), the overarching program that
includes the RETC; but they are not accessible through the RETC”
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2.5 Sustainability of Morth American Mining

Increasing the sustainability of the North American mining sector involves efforts and partnerships across public and
private sectors as well as changes in regulatory regimes and investment practices. If also involves working with stake-

holders to ensure that soctal and environmental risks and negative impacts are mintmized and that local comrmunities
benefit from mining. Tools to improve mining sustainability include advances in pollution control technology and

better assessment and decision-making frameworks. In this section, we lock at some of the challenges and solutions
for sustainable mining in North Americs, with a focus on pollution prevention.

Much of current North American mining-related pollution s

relafed to past practices that have damaged lands and water- Sugtamabie devei(}gment was de

ways, negatively affected communities, and ereated public-sector the Bruntland Commis report in 1987
sockl and economic lisbilities {Asit and Chen 2016, Dashwood “development that meets the needs of the
2014}, Current responsible mining practices, mindful of this present W/{h(,u itcom, ‘ng the ability of
legacy, seek to address the economic, social and environmental future ¢ 4{)1 e

challenges of mining by addressing such concerns, ensuring that

benefits will flow to communities in the mining region, and min- 087

imizing long-term environmental damage. Some of the efforts to ff 'jfh enviranme "j 2CoNemy, A
inciple of sustaimable develop
’W“JUO of economic, eny
ial concerns in decision-making.

bring mining more in line with sustainable developruent princi-

ples are governument-led and some are industry-led, both driven

by recos;nitﬁ{m of the need for improvement (MacDonald 2002,
Drashwood 2014, HED 2002},

Mining operations have a defined lifespan, as they depend on non-renewable resources, Technology can extend a mine’s

lifespan through mineral processing techniques that economically mine lower-grade deposits that were at one time

considered o be uneconomic. Many established mines have produced metals for over 100 years as mining methods

and recovery methods have improved. Although individual mining projects cannot be sustained beyond a finite life-
-

time, the mining industry can apply a sustainable development paradigm {figure 25} by providing mining regions with

fasting opportunities for economic and social development, while maintaining environmental integrity,

In the econowmic spheve, competitive global markets impose pressure o balance costs, productivity and value of mineral

products, Greater imowis:doe and awareness of the envirenmental sphere has led to increasingly stringent requivements

to reduce consumption of energy and water, reduce carbon emissions and wastes, avoid damage to aquatic and terr esirml

biodiversity, and provide technical and financial assurance for the protection of ecosysterns after mine closure, In the s

, mining ventures face a range of often contradictory expectations, including respecting and accommeodating the

ughm interests and heritage values of Indigenous Peoples, providing employment and socio-economic benefits to the region
amd the nation, and protecting pre-existing recreational and economic activities {Phmentel et al. 2016, ICMM 2012},

Sustainable development is the comumon framework underlying mining companies’ policies on corporate social respon-
sibifity (Dashwood 2014}, Given the international stature of a large nuraber of mining corupanies, many sustainability
nitiatives are undertaken at the international level, particularly through the International Council on Mining and Metals
and the Global Reporting Initiative (GR] 2016). National industry associations are also taking a lead in this field (MAC
2016b, PDAC 2016) {see box 10), Although these are voluntary programs, they are often a condition of membership in the

associations and they incorporate formal commiiments to principles and practices, external audits and public reporting.
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Anocther means of providing incentives for companies to adopt environmental sustainability practices is through
the provisions in financing mechanisms for mining ventures and associated infrastructure. Investors are mindful of
veducing their risks not only by evaluating the profitability of developing an ore body, but alse by assessing the risks
inherent in not addressing the social, economic and environmental dimensions of mine development, Requirements
and standards for project assessment are increasingly being adopted by banks and other lending agencies. The Interna-
tional Finance Corporation standards and the Equator Principles (adopted by the World Bank and commercial banks)
are examples of financial mechanisms that provide lenders with a measure of assurance that sustainability issues have
been addressed (UN BCE 2014, Marshall 2015, Eamer et al. 2015).

Leaders of nine major world mining companies issued a statement in 1999 recognizing that the industrys “social
license to operate” was in jeopardy due to the growing gap between industry practices and society’s expectations {Mac-
Donald 2002), They commissioned an independent study through the World Business Council on Sustainable Devel-
opment to assess the mining and minerals sector in terms of transition (o sustainable development (JIED 2002}, The
report stated that the mining induastry is “distrusted by many of the people it deals with day 1o dav” and highlighted the

need to rebuild trust between the industry and stakeholders.

For the North American mining industry, efforts to build support for mining have coalesced under the concept of
social license to operate (SLO) (Mineria Sustentable 2016, ICMM 2015, Rheaume and Caron-Vuotari 2013). SLO,
a term that was first used by the Canadian minung industry in the late 19905, is linked to the broader concept of
corporate social responsibility, which includes ethical, legal and economic responsibilities of companies, including
responsibilities linked to sustainable development (Fraser Institute 20312}, SLO is an expression of the idea that
mining companies need more than government approvals and operating permits—they also need social permission,
or support, 1o open and run a mine. SLO is not in dselt a legislated requivement, but # s increasingly seen as an
essential part of obtaining approval for new mines. [t overlaps with requirements in BIA processes for consultation

and addressing public concerns.

There is no one definition of the term and how this "license” can be achieved. Use of the term can be controversial
{Portales and Romero 2016, West Coast Environmental Law 2015, Owen and Kemp 2013}, Acquiring a social license
to operate can be interpreted by a mining proponent or others advocating for a mine to proceed as achieving a broad
consensus of support for a project, even while failing to substantively address traportant and often conflicting rights
and expectations of minority stakeholders. The promise of jobs in an ares, for example, may provide this apparent crit-
ical mass of support and mask unresolved underlying social and environmental concerns, Taken more broadly, for a
company to achieve and maintain an SLO requires a high standard of corporate social responsibility, transparency, and

ongoing attention to sustainable mining practices.

Working towards acquiring a soctal license to operate can lead to substantive progress towards sustainable mining.
Consultation with communities and groups representing social and economic interests that may be affected by the
mine is crucial to obtaining project support. These consultations may lead to changes in project plans to accom-

modate concerns, and to formal agreements between mining companies and affected conumunities that lay out

responsibilities and mechanisms for follow-up. Partnerships and joint ventures allow sharing of project decision
making and benefits, and promote cooperation on mutually defined social, environmental and economic goals.
These agreements can take the form of financial partnerships or formal agreements that spell cut commitments by

industry and comumunities {see box 11).
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Dlespite progress in public engagement for mining ventures in many regions, local people are still often adversely
affected by current and past mining operations due to pollution, environmental degradation and disruption of their
communities and economies, Annual surveys of global public attitudes towards business in society show that public
trust in the mining industry in North America and Earope remains low {GlobeScan 2014, GlobeScan 2017}, Canada,
Mexico and the United States were among the § countries with the lowest trust ratings of 24 countries surveyed in
2014, Respondents from North America had the highest frequency of identifving environmental issues as the most

30

smportant issues for the mining industry to address (GlobeScan 2014}

A mining industry stakeholder survey, commissioned by the International Council on Mining and Metals in 2014,
identified main concerns and issues facing the industry {JCMM and GlobeScan 2014}, This survey also reflected the
mcreasing emphasts on public engagement to address soctal and environmental issues. Environmental concerns, social
license to operate and regulation topped the list of stakeholder concerns. Low commodity prices and associated pres-

sures to reduce costs were identified as major challenges for the industry. Water usage and management and tailings

management were sef as high priorities by respondents.

Sustainable mining requires planning for the life of the mine, from the exploration phase to post-closure (figure 26).
Advances have focused on both ends of the cycler upfront assessment and planning, and mine decommissioning/
post-closure. Regulation of mining during construction and operation has become more stringent and often more
complex (Marshall 2015), usually through amendments to regulations to adjust allowable levels of discharges or add
specific requirements for pollutant control. For example, growing knowledge about increasing levels of selenium in
water downstream of coal mines bas led to tmproved regulation and more stringent reporting requirements for this
pollutant ({CEC 2014¢, Hendry et al, 2015, BC 2012},
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Is and advances in BIA include improved methodology for assessing risks to huraan health and the environment, and
place-based (as opposed to project-based) assessment, such as for watersheds, Changes in policy, legislation and practices
for ELA are grounded in expanded research in this field (for example, US. BEPA 20163, Olagunju and Gunn 2016}

Assessment of cumulative effects (the sum of effects from the proposed project, plus effects from other past, present
and likely future human activities) is increasingly emphasized for mining project ElAs and through international

agreements {for example, Columbia Center on Sustainable Investment et al. 2016a), While cumulative effects assess-

ment is required by all North American jurisdictions, it has not always been effectively implemented, due to gaps in
legal frameworks and practices and constraints in methodology (Mendoza Sammet 2008). New methods and tools for
assessing risk from multiple sources of pollution advance the practice of cumulative assessment, though they are not
widely applied {Solomon et al. 2016}, ElAs have also broadened to incorporate emerging concerns or concerns that

have becorne higher profile, such as species sl risk, invasive species and climate change.

A crucial component of sustainable development is the protection by the public sector of common resources, fore-
mwost of which, in relation to mining and pollution, are clean water and clean air {Emas 2015), Protection of common
resources requires more than laws and regulations—adeguate monitoring of compliance and enforcement of the rules

are also needed.

Lingering pollution from abandoned mines, public Hability for reclamation, and several recent major mine spills con-
tribute to public concern about mine pollution issues. Recent major spills at maines in North America include breaches
of tailing facilities at the Mount Polley copper and gold mine in British Columbia, Canada; the Obed coal mine in
Alberta, Canada; and the Bacis gold mine in Durango, Mexico; as well as a spill caused by a broken pipe at the Bue-
navista def Cobre mine in Sonors, Mexico. These spills are discussed further in relation to PRTR reporting in chapter 3.
Recent initiatives that aim to learn from accidents and pollution issues i order to improve enforcement and compli-
ance inclode government follow-up to the Mount Polley failings breach in British Columbia (see box 12) and the EPAS
enforcement initiative to reduce pollution from active mineral processing operations in the United States (118, EPA
2016b). The EPA conducts enforcement initiatives to address national pollution challenges. These initiatives, which last

mission for Environmentai Cooperation
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for three years, address areas where there is significant non-compliance with laws. The mineral processing enforcement
initiative ends in 2017, returning to baseline levels of enforcement. The initiative was undertaken with the recognition
that the mining and mineral processing industry generates more toxic and hazardous waste than any other industrial
sector, Enforcernent actions faken during the initiative reduced the risk of mining waste contamination from operating

facilities and led to cleanup at mining sites across the United States (US. EPA 20160,
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The potential for high costs and long post-closure timeframes (figure 26) makes mine closure a crucial and challenging com-
ponent of sustainable mining (Dance 2015} All mining regions of North America can point to abandoned or “orphaned”
mines that continge to be souwrces of pollution. Canadian and US. jurisdictions have varying mechanisms in place for
requiring decommissioning and post-closure planning and financing. Mexico also has environmental regulations relating to
the closure of mines, but does not have financial mechanisms comparable to those of the other two countries. nitiatives to
ensure that plans are in place and waine operators do not walk away from responsibility for mine sites requiring reclamation,

care and maintenance are clearly important for the sustainability of MNorth American mining (NOAM]I 2015},

Mines that have been abandoned without adequate decommissioning and reclamation may have ongoing environ-
mental issues, including contaminated land, ongoing land instability and erosion, land subsidence, and pollution of
surface and groundwater from runoff and water seepage through ruine wastes and disturbed land (for example, Poklirel
and Drubey 2013, Jamieson 2014, Boberts 2016, Esteller et al. 2013). Both Canads and the United States have ongoing
programs to coordinate work on abandoned mines (NOAMI 2015, BLM 2015}, Both countries are undertaking inven-

tories of such mines, which is a difficult task as there are few records for older operations.

Remediation of sbandoned mines may range from monitoring and maintenance to solutions that can invelve millions
of dollars of work and require many vears to stabilize tmpoundments and contain wastes {Cowan and Mackasey 2006,

Vaughan etal. 2012, Horvath 2011).The U8, Bureau of Land Managements program has successfully reclaimed many past
mining areas on federal land and restored land and waterways, often through collaborative programs invelving communi-
ties and volunteers (BLM and Forest Service 2007}, The mining industry has also cleaned up remnants of long-abandoned
mines and restored streams in some areas, both on their own lands and through initiatives to benefit people and the envi-
ronment in regions in which mining corapanies are active. For example, the mining cornpany, Freeport-McMoRan, in
partnership with Trout Unlimited, a non-governmental organization that conserves and restores freshwater fisheries and

watersheds, runs a program that addresses historical mining tssues in Colorado {Freeport-MeMoRan 2014).

stacke Nowth Americen Poiluiant Releases and Transiers, Volume 15 a7

ED_004926A_00000655-00081



Adwvances in technologies and practices that reduce environmental tmpacts from current and past mining operations

coniribute to the sectors sustainability toolkit. This includes advances in tailings and waste rock management, water

monitoring and treatment, mine site reclamation, energy efficiency and greenhouse gas emissions reduction. Mineral

processing technologies that make use of less toxic or persistent reagents, or that use reagents more efficiently, also

advance the sustainability of mining. Research and development strategies that atm to reduce or eliminate mine waste

tackle the issue on several fronts. The Canadian Mining Innovation Councils si‘m‘tegy, “Towards Zero Waste '\’hmn%,,

extraction, reducing water and energy use through closed-system processing, &nd mﬁmm;‘ taﬂm;‘\ into bemgn and
marketable products (Kondos and Weatherell 2016, Kondos and Weatherell 2014), Some mines in Mexico use water

from runicipal sewage treatrnent facilities instead of depleting valuable clean water sources. The municipal wastewater

is further treated ot the mine facilities and used in mineral processing (Brisefic 2017, pers. corum.}.

Truproved mining practices can reduce pollutant releases from modern operating mines. Water pollotion from past

mining activities and spills and malfunctions, however, presents an ongoing risk to aquatic ecosysterns and to people’s

access to clean water in some areas. The possibility of long-term water pollution also remains an issue for the post-clo-

sure phase of mines with persistent wastes, Treatment of mining-influenced water is a priority for technological devel-

opment and new and improved treatment methods are coming into use (hox 13).
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Advancements in monitoring of pollutant releases and their envirommental effects can also improve the sustainability
of mining operations. More comprehensive and cost-effective monitoring technologies allow industry and government
to track the effects of mining and re-evaluate and adiust mitigation measures {(adaptive management)—particularly

smportant in light of climate change. Advancements include remote, real-time sensors for surface and groundwater

monitoring (CMIC 2014) and ecological monitoring protocels, for example, to detect effects on fish habitat (Ziglio et

/7

al. 2006} (BC 2012).

This emerging issue is being addressed through incorporating consideration of climate change into existing processes

for mine assessiment and planning (ICMM 2013, NRCan 2016a). As most established assessment processes and design

national and regional scales are underway, driven by the growing awareness of climate change and its conseguences

for sustainable development in the mining sector {box 14) (Columbia Center on Sustainable Investment et al. 2016b).

The International Council on Mining and Metals’ (ICMM) initiative on climate change aims to strengthen the indus-
ry’s commitment (o sustainable development, through reductions in greenbouse gas emissions and adaptation fo
chimate change (ICMM 20150, TOMM 2013). Adaptation actions can achieve complementary sustainable development

goals related to, for example, community engagement and stewardship of natural resources.
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Water is critical to mining. A clean, reltable water supply is needed for processing ore and water management, including
control of pollutant releases, is central to mine operations and planning for mine decommissioning. Water is also
essential for domestic use and for agriculture and other types of economic development. Modern mining methods
emphasize the reuse of water by returning it from the waste stream to the beneficiation process (milling), This reduces
the amount of fresh water required, reduces the volume of waste to be treated, and benefits the communities sur-

rounding mining operations.

Clirnate change brings uncertainty and risks to water quantity, varying with the region and the season. Expected
changes include both higher peak flows and increased drought. Figure 28 shows current levels of water stress across
North America, Gold and copper mines in the southwestern United States {southern California, Nevada and Arirona)
and northern Mexico {Sonora) operate in areas with extrerne water stress and climate change models project that there
will be further severe reductions in water availability in these areas by the end of the century (ICMM 2013}, Mining
companies are building projected increases in water shortages into their planning. Rio Tinto, for example, a global
company with mines concentrated in Australia and North America, has developed a strategy to reduce water use in its
operations and prepare for futire shortages (Rio Tinto 2013}

Climate change can affect temperatures, rainfall, snowrnelt, and evaporation rates and patterns, all of which combine
and interact through the chemical, physical and biological processes that determine water quality {Anawar 2013},
Poltutant releases and their impacts are affected by these conditions. Amounts of toxic pollutants in the water may
increase, for example, #f changing conditions lead to greater release of some metals from organic matter. The tmpact of
the pollutants can alse change. Increased water temperature, for example, can lead to an increase in toxicity of metals,
mcloding copper and cadmiurm, to aquatic life, though the effects of temperature vary with species and environmental

conditions (Holmstrup et al. 2010,
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Building climate change into planning for mine decommissioning is of particular trmportance, given the need for long-
term stability of structures and long-term effectiveness of reclamation measures. In northern Canada, changing per-
mafrost conditions and projected higher peak flow conditions are taken into account in mine decommissioning. One
of the first mine reclamation plans to incorporate these considerations was for the Polaris mine, a lead-zine mine in the
high Arctic that ceased operations in 2002 {Cowan et al 2013). In northern Yukon, where warming has been marked
over the past 50 years (Bush et al. 2014), an asbestos mine ceased operations in 1978, leaving tailings that eroded into
streams, damaging and destroying fish habitat. The erosion resulted from permafrost degradation that had not been
anticipated in site remediation plans (Pearce et al. 2011, Duerden et al, 2014},

Uncertainty about future climate conditions and how these will influence environments adds a level of complexity

o mining assessment and planning. Tools like vulnerability assessment and development of scenarios with climate

change projections can help to plan, operate and decommission mines that are resilient to climate change (CEC 2014b).
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introduction

The objective of this chapter is to provide additional information about the North American mining industry to help read-
ers interpret the data on the sector’s pollutant releases and transfers. As shown in chapter 1, approximately one-third of
the approgimately 5.23 billion kilograms reported for 2013 by all industry sectors covered by the North American PRTHRs
was from the mining sector™ Much of this amount consisted of pollatants disposed of in tailings and waste rock. A better
understanding of the nature of these disposals, as well as the other releases and transfers reported by mining facilities, can
provide a starting point to evaluate if and how they pose a risk to human and environmental health,

The analyses in the following sections reveal that releases and transfers are often dominated by one or a few facilities,
and that looking at totals, averages, and changes over time may thus be misleading. Much more can be learned by

examining PRTR data in greater detail, by sp

scific pollutants, mining types, regions and facilities. Therefore, the data
are also disaggregated by reported North American Industry Classification System {NAICS) codes to provide clearer

profiles of the eight mining types covered under the three PRTR programs.

These analyses also {llustrate that differences among national PRTR reporting requirements strongly affect the data
veported by mining facilities. An assessment of these gaps yields additional insights into some of the differences that are
particularly tportant in the context of this extractive sector, which generates very large quantities of waste confaining
pollutants that, depending on how they are managed, may or may not be of concern. They point to ways in which the

three North American PRTRs can be tmproved to more accurately reflect the activities of this important industry.

3.1 soope and Methodology

This analysis exarines the data on pollutant releases and transfers, as reported for 2013 by North American mining
sector facilities to their respective PRTR program. The data presented are the most recent available for all three coun-
tries at the time of writing. They have been compiled into the CECs integrated North American PRTR database, Taking
Stock Online {see chapter 1), The present chapter provides additional analyses of the amounts, types, sources, and
management of the pollutants reported by North American mining facilities.

As noted in chapter 1, annual PRTR data are often published with updates one or more times by the national prograras
after quality assurance/guality control checks and industry revisions, and the data are also periodically refreshed in
Taking Stock Online to capture these revisions. It is also important to remember that releases and transfers are reported

annually by industrial facilities to meet national requirements and do not necessarily provide a corprehensive listing
of all pollutant releases and transfers from each facility. To explore the data reported by the North Arserican mining

sectar, see Taking Stock Online, at www.cec.org/takingstock.

The data used for the analyses in this chapter are from the NPRE TRI and RETC datasets from September 2016,
November 2016, and August 2014, respectively, The NPRI program made some additional, mainly minor, changes to
the 2013 data after September 2016, They are noted in the chapter where they are relevant to data interpretation.” The

most significant NPRI change was a revision of the Obed coal mine spill report, submitted by the mine owners. Because

wes among the three

ppendix 1.
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the revision corrected several major errors in the facility’s original report, all data analyses in this chapter have been
adjusted to conform to the revised Obed muine report.

In addition to PRTR date, information from other sources (e.g., industry and media reports for certain mines) has also

been included, where it can provide additional context.

The facilities included in the analyses and discussion in this chapter are those involved in mining activities, as indi-
cated by their North American Indwstrial Classification (NAICS) codes.™ Specifically, this chapter pertains to facilities
classified as “mining {except oil and gas)” (WAICS 212), including the following major mining industry groups (at the
4-digit NATCS industry level):

e coal mining (NAICS 21215,
= metal ore mining (NARCS 2122}, and

¢ pon-metallic mineral mining and gquarrving (NATCS 2123}

The analyses by mining type in section 3.4 are based on reporting aggregated at the 5-digit NAICS industry level {for
exarnple, gold and silver ore mining, NAICS 21222}, Some facilities that report under NAYCS mining codes, however,
also operate smelters (NAICS code 33141}, In the United States, combined mining and smelting operations may sphit
their chemical reporting to align with the appropriate NAICS codes. In Canada and Mexico one code only is used for

reporting for each facility.

3.2 Owerview of PRTE Reporting by the North American Mining Sectorn, 3013

Across MNorth America, 373 mining facilities reported morve than 1.67 billion kilograms in releases and transfers for
the 2013 reporting year {table 16). This amount represents an increase of approximately 286 million kilograms {or 20
percent} from 2010, the last year for which data were analyzed (see Taking Stock, volume 14}, Facilities reported a total
of 79 pollutants released or transferved in 2013, with 14 pollutants making up 99 percent of the total.

5 Profiles of PRTR Reporting by the Mining Seclor, 2093

PRIR propram Numsber of Tacilities reporting” Number of Sabstances”® Total reteases and transfers (kg
Ganada KPR 117 63 770,657 863
United States TRI 82 5 01 359,624

31 Jog
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Table 16 provides a breakdown of the North American PRTR data by country. Tt reveals similarities in the total amounts
reported by the Canadian and US, mining sectors for 2013, The production value of mining in the United States that
year, however, was almost three times that of Canada {chapter 2, section 2.1.3}, indicating that, overall, a greater pro-
portion of mining-related releases and transfers is reported through the NPRI than through the TRI By comparison,
Mexicds mining industry is smaller, with half the production value of Canade’s mining industey in 2013, Nevertheless,
with 74 mining facilities in Mexico that reported, the total mass of pollutant releases and transfers was still far below

that of the other two countries—Iless than 0.1 percent of the North American total.

These national reporting profiles reflect variations in the size and composition of the domestic mining industries, as
well as ditferences in national PRTR reporting requirements for industrial activities and pollutanis. Chapter 2 and
“Using and Understanding Taking Steck” {appendix 1} describe the main features of the three FRTR programs and
show how they are similar, as well as how they are unique. The differences among the three systems create gaps in
reporting that have important impacts on the North American picture of releases and transters from the mining sector.

These differences are discussed in greater detail in the following sections.

In terms of the total reported for North America for 2013, on-site disposal and land releases made up the vast majority
{99 percent} of releases and transfers, followed distantly by off-site disposal {0.4 percent), off-site recycling transfers

(0.4 percent), on-site air emissions (0.2 percent) and on-site surface water discharges (0.2 percent) (figure 29).

On-site disposal/land releases (9R.8%)
On-site air emissions {0.18%)

On-site surface water discharges {0.22%)
On-site underground injection (<0.0%)
Off-site disposal {0.39%;)

Gff-site recycling transfers (038%)

Gther off-site transfers {0.0%;)
Uncategorized <0.0%

Total releases and transfers: 1,673,302,115 kg

0 veport antounts of <1 fonne (LO00 kg in the

Metals account for almost all reporting in the off-site transfers to recycling category, As mentioned in chapter 2, there
are strong linkages between the prices of metals and minerals and production, and mining companies can benefit from
recycling some of the waste generated at their facilities. It can also be profitable for them to transter mining waste con-
taining valuable raw materials to a processing facility in a neighboring country. North American mining facilities did
not report any cross-border transters of pollutants in 2013, but have done so in previous years (see the Cross-border

Transfers tool in Taking Stock Online, at: www.eec.org/takingstock).
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The national profiles of reported releases and transfers, shown in table 17, reveal significant differences among the coun-
tries. This table shows that almost the entive amount of on-site disposal or releases to land in 2013 was reported by Cana-
dian and US. facilities, In terms of the mining sector, the category “on-site disposal and land releases™ refers mainly to
disposal in the forrm of waste rock and tailings in the United States and Canada. In both the NFRT and the TRI programs,
pollutants in waste rock and tailings are required to be reported under specific circumstances that differ betw;:sm the two
countries™ {chapter 2, section 2.4.2), While tailings and waste rock generally make up the bulk of on-site disposal, some

facilities with integrated mineral processing operations also dispose of metals contained in slag from smelters.

The NPRI is the only PRTR system to distinguish between disposals of pollutants to tailings areas and waste rock areas
as separate categories, with the data indicating that 83.4 percent of the total mass of on-site disposal and land releases
reported by Canadian mining facilities for 2013 was disposal of pollutants to tailings areas, 16.5 percent was pollutants
disposed of to waste rock areas, and only 0.15 percent was disposal through on-site landfill and releases to land {calcu-
lated from NPRI data (ECCC 2016a).

Kining Sector Reported Releases and Transfers, by Country Doy

Canada RPRI NMexion RETL
% of ool
Amount (ke nationsl ot ' sational totd
OR-SITE
19581 367 0.7%
3,085 265 0.4%

780 787 285 987%

4208 | <01%

OFF-3TE

3,904 887 0.6%
1,634,199 02%

46 862 <0.1%

categories—— wﬁh fauimz:s» mqmuﬁd to report mﬂv o1-site re?mses o ain, water, or and ( see dmpter tab}e 13). Addi-

tionally, because only beneficiation (or processing) activities must be reported in Mexico, facilities are not required to

report the quantities of reportable chemicals disposed of in the form of waste rock. These features of the Mexican PRTR
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result in the dramatic contrasts in reporting between that country’s mining sector and those in the other two countries,
because unlike their US. and Canadian counterparts Mexican mining facilities did not report any on-site disposal of
tailings and waste rock. They reported relatively minor quantities of pollatants released on-site to fand, along with
some off-site disposal—almost exclusively of cyanides {which accounted for almost 90 percent of all releases and trans-

N

fers reported for 2013 by that sector in Mexico)

Mining facilities in North America are a major scurce of many of the top reported pollutants, especially metals {and
their compounds). Of the 5,227,020,104 kilograms of pollstants reported released or transferred in 2013 by all North

American industry sectors, more than 1.67 billion kilograms {or 32 percent) were reported by mining facilities {table

16}, with metal ore mining accounting for almost all of the total mass of mining pollutants reported.

Zinc*
Manganese*
Lead*

Copper*

Nitric acid/nitrate compounds
Hydrogen sulfide
Methanol

Sulfuric acid
Phosphorus (total)
Ammonia

Nickel*

Barium*
Chromium*
Arsenic*

Ethylene glycol

B Mining (except Oil and Gas)
#8 All other sectors

0 100 200 300 400 500 600 700

Total releases and transfers (million kg)

Horth Anericsn PRTR date.

nces ainong nationsl reporting requireroenis need to be taken info acconnt when |

protiruls,

Figure 30 presents the contribution of the mining sector to total releases and transfers of the pollutants reported in
the largest quantities by all North American industry sectors for 2013, Mining facilities accounted for 95 percent of all
arsenic reported, 78 percent of total phosphorus, 66 percent of lead, 61 percent of manganese, 47 percent of zinc, 35
percent of nickel, 35 percent of copper, and 32 percent of barium. The fotal reported amounts of barium from mining

i 2013 were higher than normal (see boy 16 in section 3.5.2).
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The contribution of the rmining sector to releases and transters of total phosphorus, shown in this graphic, is arguably a

gross underestimate, given that this pollutant is only reported in Canada.” Similarly, the mining sector’s contributions
to North American amounts of metals commonly released and deposited during mining operations—notably zing,
manganese and copper {and their compoundsj—are likely underrepresented due to lack of reporting by Mexican facil-

fties, since those metals are not subject to RETC reporting.

The issue of gaps created by differences among the national PRTR systerus is not specific to the mining sector, but the

absence of reporting by metal mines in Mexico of many substances that are typical of the industry draws particular
attention o this point, especially in light of the large quantities of waste reported iny Canada and the United States.
As mentioned above, much of this reported waste consists of substances in tailings and waste rock disposed of on the
facility site. In Mexico, on-site disposal is not a RETC reporting category, a factor which amplifies the gaps in reporting
across the region.

Chapter 2 {figure 24 and table 9) discussed the main pollutants associated with mining activities and provided an expla-

nation of the typical pathways by which these pollutants, if not property managed, can enter the environment and have

negative impacts, The following sections provide additional information about the releases and transfers and the types

of pollutants reported that can help readers interpret the data frorm the mining sector.

3.7 Understanding Pollutant Releases and Transfers from the Mining Indu

2]

s

o
o

Figure 31 presents the top ten pollutants, by total release and transfer quantities, reported by North American mining
facilities for 2013, It also indicates the proportion of the total contributed by each of the three main mining induastry
groups {coal mining, metal ore mining, and non-metallic mineral mining and quarrying). Most of these pollutants are
common to the three mining groups and differed only by relative significance {or rank). Exceptions are aluminum,
which only appeared among the top ten for coal mining (and was only reported by one coal mining facility in Alberta);
lead and barfum, which were only released or transferred in substantial quantities from coal and metal ore mining
facilities; and amumonia, which was a significant pollutant for coal and non-metallic mineral mining, but not for metal
ore mining. Phosphorus (total) was by far the pollutant reported in highest quantities from both coal mining and

non-metallic mineral mining and quarrying facilities, even though it is enly reported in Canada,

37 The vellow or wi ormas (]

tropes) of

!
shorss are reported
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Lead* ca, mx, us
Manganese* ca, us
Zinc* ca,us

Copper* ca,us
Phosphorus (total) ca
Arsenic® ca, mx, us

Nickel* ca, mx, us

B Coal Mining (2121)
Metal Ore Mining (2122)

Barium™ us

hromium®* ca, mx, us
Chromiu T 8 Nonmetallic Mineral Mining and Quarrying (2123)

0 50 100 150 200 250 300 350 400

Vanadium* ca, us

Total Releases and Transfers {millons of kg)

o acoont whe preting North Amer!

The top eight substances shown in this figure made up 95 percent of total releases and transfers reported by mining
facilities for 2013 lead and its compounds (22 percent), manganese and its compounds {21 percent), zine and its com-
pounds {20 percent), copper and its compounds {9 percent), total phosphorus (9 percent}, arsenic and its compounds
(8 percent), nickel and its compounds (3 percent) and barium and its compounds (3 percent}. However, only four
pollutants of the top ten featured-—lead, arsenic, nickel and chromium-—are required to be reported under all three
PRTR systems.

Along with the variation among the North American PRTRs in the substances subject to reporting, the thresholds
triggering pollutant reporting in each country can differ greatly (table 18). For example, the thresholds for arsenic are
yuch higher under the US, TRI than under the RETC and the NPRI Each program sets thresholds for reporting of
pollutants that are intended o capture releases and transters that reflect national industrial activity levels and use of
pollutants (specifically, “manufacture, process or otherwise use)” or MPO). In addition, Mexicos RETC program also
sets pollutant “release” thresholds, which are lower than the MPO thresholds. Each of the three programs has also
established lower reporting thresholds for certain substances, in order to capture information about much smaller

releases (o the envirorument,™

The differences among the PRTRs in pollutant reporting requirements create significant data gaps in the North Amer-
wcan picture of pollutant releases and transfers from the mining sector. As a result, the relative importance of each of
these substances as mining-related pollutants is somewhat undlear. However, in the same way that gaps among the
PRTR programs relative to certain pollutants affect the resulting pollution profiles of other industries, the gaps in
reporting of these substances, which are typically associated with mining activities {particularly metal ore mining) are
Likely to resalt in a significant underestimation of the sector’s overall contribution fo pollutant releases and transfers in

MNorth America.

38, See List of Polint ported o the North Amerc: i at <PRIR Reporting Begudramentss,
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. Mational Reporting Thresholds for the Top 10 Mining Sector Pollutanis

Canada PRI

Pollatant
Lead®
Manganese®

Phosphorous {otal a0

frseniv®

Micksl® nng

Barium®

Shromium’ Wi

fe, “MPY: mann

Vi (hevavelent chromic

The graphics in the preceding section provide a good snapshot of the pollutants that accounted for a majority of the
velease and transfer quantities reported by the mining sector for 2013. However, as explained at the beginning of this
report, assessing the potential impact of pollutant releases on human or environmental health is a complex task and
therefore, factors other than total amounts must be taken into account to understand whether there is potential risk,
For example, asbestos disposed of in a secure landhll poses & much different risk than asbestos released to air. The
pathways tollowed by pollutants and the effects of these substances on the environment depend on local climate, topog-
raphy, and rock, soil and water characteristics; the amount and form of the pollutant released, and its inherent toxicity;

exposure or residence thmes and so on,

Figure 32 presents the top ten pollutants reported by North American mining facilities for 2013, ranked by
amount released to air and water, It shows that non-metals, including aramonia, sulturic acid and hvdrochloric
acid, coruprised the majority (37 percent) of polletants reported as air emissions; and that nitric acid and nitrate
compounds and anmumeonia accounted for 84 percent of surface water discharges. Facilities also reported releases,
to one or both of these media, of smaller proportions of metals {and their compounds} such as zinc, manganese,

vanadium, and copper.
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Air emissions Surface water discharges

Total = 3,037,368 kg Total = 3,757,493 kg
Ammonia t 28%  Nitric acid & nitrate compounds 64%
Sulfuric acid Ammonia
Hydrachloric acid Manganese* 5%
Zinc* Fluorine g 2%
Carbon disulfide 6% Vanadium* ¥ 2%
Hydrogen flucride @ 6% Phosphorus (total) § 2%
Methanol i 6% Zinc* g 2%
Cyanides = 3% Nickel* & 1%
Copper* w 3% Selenium* | 1%
Manganese* 3% Lead* 0.4%
Other mmms 10% Other : 1%

In addition to assessing total amounts reported, pollutant releases to air and to water can also be evaluated in terms of
risk to human health. Section 1.3.2 in chapter | presented an explanation of the Togicity Bquivalency Potentials {TEPs)
that are used in Taking Stock to indicate risk scores for certain pollutants released to air and water, based on the quan-
tities and toxicity of pollutants. While a TEP score does not constitute a risk assessment, it indicates the potential for
risk based on the amount relessed and the inherent toxicity of a substance, without taking other risk factors into con-
sideration. TEPs are useful because they draw attention to highly toxic substances that are ofien released in relatively

small quantities and may not otherwise be recognized as pollutants of significance.

The mining sector accounted for only 0.7 percent of the total mass of air emissions from all induastrial sectors in 2013,
and 1.7 percent of the total mass of discharges to water. However, the TEP scores for some of the pollutants released
to air and water (table 19} indicate that they have a high potential to negatively impact human health, even in very
small arounts. Striking examples include the contrast between the low reported release quantities and high associated

cancer and non-cancer risk scores for dioxins and furans, thalliom and mercury,
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.

Yoxicity Eguivalency Potential (TEP) Scores for Selected Pollutants Released to Alr and
Water by the Mining Sector, 2013

fn-site Helsases tn &ir Un-site Belpases to Water

- kg ilaszgzaf résizz ‘ Hen-canosr ke ﬁarmg rigif ‘ Hom-canosr
soors {TEF) rish soore (TEP) seorg (FEP) | risk soore (TER)

1HL 016 494 582 836592 4232 17376 pad 86,630 22

g2 061812 45308 286 238 141 2,184 560 205814 937

623670 H g7 a3s £ 484 4 1973138

g LI67611 ap4 13,481 4 160 574 288

4,453 784 3,265 741 356 0.005 R4pddnn | JAeRganang

753009 15,781 519 981 27t 2R a4 548 387 070

i 15887271782 80 g 775970759

a Rl 22 g 612 348 700

=3 toxicity equivale

When examining the specific pollutant releases that contribute to toxicity risk scores, one or just a few facilities can
contribute the bulk of the releases that translate into risk, For example, the arsenic accounting for 60 percent of the cal-
culated risk score for air emussions in 2013 was reported by only three facilities (s Canadian nickel mine; a U.S, copper
mineg and a Canadian ivon ore mine). Therefore, it is useful to look at pollutant releases at the facility scale, even for
those pollutants with small total releases.

As has been mentioned, the majority of pollutant reporting from the mining sector for 2013 was for disposal in waste
vock and tailings, In Canada and the United States {where these large disposals were reported), federal and state, pro-
vincial or territorial agencies require that waste rock be placed in engineered structures designed to contain contam-
inants, The main hwman health and environmental risks from most toxic substances disposed of on land are through
the potential for the pollutants to enter surface or groundwater and spread off-site. This can result from a malfunc-
tion of the pollatant storage operation on land, such as the breach of a tailings damy; or through runoff and seepage,
especially where waste rock or tailings are acid generating. Pollutants disposed of on land may also become airborne
through dust. Although risk scores cannot be calculated divectly for land storage of toxic substances, the risk that toxics
pose can be assessed based on the amounts and forms of the pollutants present at the facility, how they are disposed of
and maintained, and other factors influencing the potential for exposure of humans to the pollutants.
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3.4 ACloser Look at Pollutant Reporting by Mining Type and Facility

The analyses in the previous sections examined releases and transfers for the mining sector as a whoele, and for the
three broad mining industry groups: coal mining, metal ore mining, and non-metallic mineral mining and quarrying,
While the ruix of pollutants used and released or transferred from mines is site-specific, due to the properties of the
ore body and the mining and beneficiation processes used to concentrate the minerals, certain pollutants or groups of
pollutants tend to be associated with, or are typical of, specific types of mining. Therefore, it is important to examine
the data reported by NAICS level 5 codes, as this allows a more nuanced interpretation of the data for the eight mining

types included in this report,

These mining types are shown in the two figures below, The quantities and forms of pollutant releases and transfers
can vary greatly among the facilities that are grouped together by mining type. This is partly because the NAICS level
5 codes combine mines of quite different types {especially in the two “other” categories: “Other metals” and “Other
non-metals”), and partly due to differences in scale, location and nature of the mining operations {(figure 33},

Figure 34 presents the top pollutants released or disposed of on site by the North American mining sector in 2013, and indi-
cates the relative proportions contributed by each mining type included in this report. Two mining types: sand, gravel, clay
and ceramics; and stone, are excluded from this figure because they contributed less than 0.01 percent of the total of each

pollutant.

Total amounts of pollutants released and transferred are not very useful for detenmining the potential pollution and
risk to human or environmental health from mining activities, since {as mentioned earlier) a number of other factors
need to be considered in order to properly assess potential risk. However, summaries such as those presented in figure 34,
provide information on the main pollutants associated with specific mining types and, especially, differences in the

types and proportions of pollutants generated during the mining of metal ores, coal and non-metallic minerals,

_

Air Emissions

Water Discharges

"

Disposal/Land Releases

0% 20% 40% 60% 80% 100%

8 Coal (NAICS 21211) Iron are (NAICS 21221)

Gold, silver (NAICS 21222) Copper, nickel, lead, zinc (NAICS 21223)
5 Other metals (NAICS 21229) & Stone (NAICS 21231)

Sand, gravel, clay, ceramics (NAICS 21232) g Other non-metals (NAICS 21239)

Note: Pevceruages represent the teial for each mining type, for each medinm,
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95%

Arsenic*

Phosphorus (total) e

Thallium*
Mercury” Percent that
Lead* mining contributes
Manganese* T 61% s 0 releases and
Selenium* 58% transfers from
Fluorine 5% all industries
Zinc*
Cyanides L
Vanadium* S 1% Mining type
. g Coal (NAICS 21211)
Cobat fron ore (NAICS 21221)
Antimony* Gold, silver (NAICS 21222)
Nickel* Copper, nickel, lead, zinc (NAICS 21223)
Copper* & Other metals (NAICS 21229)
) # Other non-metals (NAICS 21239)
Barium*

The next section presents brief stummaries, in tabular format, for each NAICS level 5 mining type, including informa-
tion on the size of the mining sector {from chapter 2); the number of facilities reporting for 2013; and a discussion of
the sources and context of the reported pollutant releases to air, water and on-site disposal or land releases that are

important becagse of their quantity and/or their potential impacts for hwman health or the environment.

Readers should keep in mind that some mines that produce a range of mineral products report through the “other”
mining NATCS level 5 mining categories {e.g., “other metal ore mining” NAICS 21229; “other non-metallic mineral
mining and quarrying, NATCS 21239}, Thus, for example, mines that produce copper and gold, or lead and zinc, may

be classified as “other metal ore mining”
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Coal mines reported relatively smaall amounts of pollutants in on-site disposals or releases. The data in Taking Stock do
not include criteria air contaminants (CACs), a class of pollutants associated with smog, regional haze, acid rain and
respiratory illnesses. CACs such as particulate matter and carbon monoxide are released through combustion and other

activities and are commmon pollution concerns for coal mining facilities. CACs are reported through the Canadian NPRE,

Coal mining focilities reporting for 2013

26,315,247
0.4% £.3% 1L6%
Hydrochloric acid Ammonia Phosphorus (lotal)
Ammonia Phosphorus (iotal) Manganese”
Propylene Manganese” Barium”
Lead” Selenium? Vanadium”®
Benzotbluoranthene Ling® Zing®

niremente need to be taken o avoount when nferpreting Novih American PETE data,
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s

but are not subject to reporting under the other two PRTRs.” However, air pollutant data from the NPRI for Canadian
coal mines show that coal mining releases large quantities of CACs {especially particulate matter, along with carbon mon-
oxide, nitrogen oxides, volatile organic compounds and sultur dioxide) compared to air releases of all other substances
{(BCCC 2016a), Adr pollation studies at cosl mines in the United States and other locations indicate that high levels of fine

particulate matter are often released through surface coal mining (Jaramillo and Muller 2016, Aneja et al. 2012),

Reporting through PRTRs also does not capture the addition of ions to receiving waters. Increases in ons, including
sulfate (SO ), chioride {C), bicarbonate (HCO 7}, calcium (Ca™) and magnesium (Mg}, have been linked to tmpair-
ment of stream invertebrate conumunities downstream of US. coal mines (chapter 2, table 9).

, which is only subject to reporting in Canada, dominated reporting from coal mines. Almost all phos-
phﬂrm n,pﬂr‘tc d {‘“) 8 percent) was as on-site land disposal from the nine coal mines in western Canada. Although minor in

q gantity in cm‘npari son o land dnspasaL 93 perc;ent of ai] roining sector d;sc;h:u"ges of phﬂsph@ms to water were from coa]

Bm'ish L@EumbxaF reﬂectmg the mlpmhm of re s;icmal geeiogy in thc make-up of mining w a»tw Phosy a‘homx is & nutrient
that has the potential to change aquatic ecosysterns. However, studies indicates that coal mines have not led to significant

changes in available phosphorus or algal growth in the Blk River (Kuchapsld and Rasmussen 2015, Hauer and Sexton 2013},

bt the third-most abundant substance in deposits to land at coal mines, is only subject 1o reporting in the United

States, where it was reported by tens coal mines,

is of increasing concern as a pollutant associated with coal mining (chapter 2, table 9). It was reported by
nine ma.l mines in Canada and two in the United States. Water discharges of selenium were reported only for the
Canadian mines, with the two US. mines reporting disposal to land, The PRTR data likely underestimate releases of
selentem. The reporting requirements vary greatly, with over 100 times lower reporting thresholds for the NPRI {100 kg)
than for the TRI {11,240 kg {see the List of Pollutants Reported to the North American PRTRs at <PRTR Reporting
Reguirements>). Selenium is not subject to reporting under Mexicos RETC.

Even if the pollutant threshold is met, all disposals and releases are not necessarily subject to reporting. For example,
selenium deposited to fand in the form of waste rock was not reported by coal mines in the Blk Valley for 2013 because
the waste rock was classified as inert (NPRI cormnments, BCCC 2016d). All reported disposal to land for these mines
was as tailings. Selenium is present in BIk Valley mine waste rock in various chemical forms at an average concentration
of 3.12 mg/kg (Hendry et al, 2015}, Measurements of selenium in water draining through waste dumps suggest that
selenium is released into water through oxidation of selenium-bearing sulfides, which form about 20 percent of the
seiemm‘n reservoirs in the waste rock (Hendry et al. 2015). Reporting of runoff and seepage water through waste rock,

however, is very inconsistent among the three PRTRs,

Releases to water from coal mining for 2013 include data for a spill, caused by a breach in a settling pond wall, at the
Ched Mine operated by Coal Valley Resources Inc., Alberta (Cooke et all 2016}, The spill accounted for significant
proportions of the total releases to water from coal mining for three of the top water pollutants—phosphorus {total},
manganese and zinc—but was not a significant source of ammonia and selenium {table 20}, The spill was the only
reported coal mining discharge of antimony and cobalt and also accounted for most of the arsenic, chromivm, copper

and lead reported discharged by coal mines that vear. See section 3.5.3 and table 22 for further discussion on this spill.

The imumediate effect was scouring and smothering of aquatic habitat and o twrbidity plume that spread 1,100 km
downstrearn to the rivers delta, Toxicity tests using the released water and sediment indicated a relatively low order
of acute toxicity; the spills potential long-term impacts on downstream aguatic ecosystems continue to be monitored
{Cooke et al. 2016).
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5 Potlutants spilled at the Obed Coal Mine, Alberta, {anads, compared with other
coal mines (2013)
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fron ore miniong focilities reporting for 2013 vy

575,704 345 045
22% 8% 13%
Hydrochloric acid Nitric acid/nitrates Manganese™
Sulfuric acid Manganese® Phosphorus {otal)
Hydrogen fluoride Ammonia Chromium®
Manganese™ Zinc* Zinc®
Aluminum Hume/dust Nickel® Cobalt*

interpretiog Morth American PRUR data,
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While the Canadian and US. ron ore mining industries were of & stmilar size in 2013, U8, iron ore mining facilities
ave exempt from PRTR reporting. In Mexico the industry is relatively small, with a 2013 output about ten times lower
than in the other two countries, Although ten Mexican iron ore mines filed reports, most of the top substances reported
from Canadian and U.S, iron ore beneficiation are not required to be reported in Mexico. The data presented, therefore,

mainly reflect the disposals and releases from the eight iron ore mining facilities active in Canada in 2013
The Iron Ore Corapany’s Carol Project in Labrador accounted for 37 percent of air ernissions and 90 percent of disposal
and releases to land, but only 15 percent of water discharges. The Carel Project produced abouat half of Canadas iron

ore output in 2013 (Canadian Mining Journal 2013).

Many iron ore facilities include processing furnaces that heat the ove to harden it and form pellets
uhaptw abk’ 9}, Thermal processing produces air pollutants, especially sulfur dioxide, fine particulates and nitrous
oyides. These pollutants, which are classified as criteria air contaruinants (CACs) and reported only through the Cana-

dian PRTR, are the focus of ongoing source-reduction initiatives at two Canadian tron ore facilities, the Carol Project
in Labrador; and ArcelorMittal Exploitation Miniére Canadd’s Usine de Bowletage de Port-Cartier, in Quebec {ECCC
2016e}. These two facilities accounted for 82 percent of air emissions, excluding CACs, reported by iron ore facilities
i 2013 Two pollutants, hydrochloric acid and sulfuric acid, together accounted for 76 percent of total air emissions
reported by iron ore mines. Mexican iron ore mines reported only trace amounts of emissions {less than a kilogram in
total) of arsenic, cadmibum, chromivm and lead. The top pollutants emitted to air through iron ore beneficiation {figure
36} arve not on the RETC list of pollutants,

Podlutants o Waten Major water discharges were specific to a few facilities. For example, two facilities, ArcelorMittals
Mine de Mont-Wright in Quebec and the Mines Wabush Scully facility in Labrador, accounted for %2 percent of releases
of nitric acid and nitrate compounsds {the pollutant released in largest proportions to water). Wickel, the most toxic of
the pollutants reported released to water, was mainly (89 percent) from the Carol Project, with rouch smaller amounts
released from one Mexican and two additional Canadian mines.

nd. As on-site disposal is not reported through the RETC, the land releases and disposal
category showed Emv quanutiu for Mexico. For example, chromiw, the third-most abundant substance, was reported
as released or disposed of on land in quantities ranging from less than 0.01 kilograms to 4 kilograms, while chromium
released or disposed of on fand at Canadian mines ranged from about 20,000 to 280,000 kilograms for each mine. Man-
ganese, the top pollutant disposed of on land, is not reported in Mexico. Manganese is associated with some of the iron

g are sometimes needed to reduce the manganese

ore deposits mined in Canada and selective mining and processing

content in the product, with manganese being disposed of on-site {Hanchar and Kerr 2012}, lron ore mining accounted
for 34 percent of total releases and transfers of manganese from all North American industries, with the Carol Project

making up 94 percent of this amount in 2013,

o n frar Enviro
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Gold ore and silver ore
mining facilities reporting for 2013

427,315 1,337 861 3897 277 553
14% 36% 24%
Zing® Nitric acid/nitrates Arsenic™
Ammonia Ammonia Manganese™
Cyanides Manganese”® Barium™
Hydrogen cyanide Lyanides Lead”
Carbon disulfide Arsenic™ ing®
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As deseribed in the previous sections, gold and silver mining accounted for significant proportions of total North
American industry disposals or releases of several pollutants in 2013: arsenic, thallium, mercury, cyanide, antimony
and barium. Al except cyanide are constituents of some ore bodies mined for gold and silver, while cyanide s com-
monly used in processing at gold and silver mines, Of these pollutants, thallium and bartum were primarily released

through one incidence of land disposal {section 3.5.3).

i is the most clearly associated pollutant with this mining type, as 82 percent of all North American industry
reporting of this mineral in 2013 was associated with gold and silver mines. Arsenic, a common constituent of many
ore deposits, especially those mined for gold, was mainly reported as disposals in waste rock, tailings and ore heaps (in
leaching operations). On-site disposal is not a RETC reporting category and in Mexico, gold and silver mines reported
only very small amounts (typically less than 1 kilogram) of arsenic, mostly as water discharges. Arsenic is readily
dissalved in water under both acidic and basic conditions, and is a comumon pollution issue for operating, decomumis-
sioned and abandoned gold and silver mines in all three countries (for example, Straskraba and Moran 1990, Jamieson
2014, Bsteller et al. 2015, Razo et al. 2004). Arsenic in water is associated with both cancer and non-cancer toxicity

5

risks {section 3.3.3}.

side, commonly used to dissolve and separate gold and silver through extraction or leaching, is reported under

&

all three national PRTRs. Twenty-nine gold or silver mines reported air emissions of cyanides and 22 mines reported
cyanides in water discharges. Reports from a few mines dominated the air emissions of cyanide, notably St. Andrew
Goldfields Ltds Holloway mine in Ontario, and the Florida Canyon and Standard Mines tacility in Nevada., Water
discharges of cvanides for 2013 were mainly (75 percent) from four Canadian gold mines. The bulk of total cyanide
comprised on-site disposal, with 60 percent reported by two mines {Barrick Goldstrike Mines Inc. in Nevada and
Detour Gold Corporation’s Detour Lake Project in Ontario). Despite having a lower reporting threshold for cyanide,
Mexvican gold and silver mines reported no releases of cyanides to air and only two percent of the total water discharges
for this mining type. One Mexican mine, Minera Real de Angeles, 8.4, de CV, reported substantive off-site disposals

of cyanide,

-
Py

sy was used in the past in some silver and gold mines for the same purpose that cyanide is used today. Although
this method is generally no longer practiced due to the high toxicity of mercury and its tendency to accwmulate in fish
and pose a human health risk, mercury is in use in artisanal and small-scale gold mining operations in Mexico {see
chapter 2, box 4. Mercury, like arsenic, is often found in ore deposits mined for gold and silver, and thus is present in
waste rock and tailings at many sites, and also in air emissions from processing facilities {Eagles-Smith et al, 2016, US.
EPA 2011} Over 99.9 percent of mercury reported by gold and silver mines in 2013 was as on-site disposals, while the
vest was almost all as air emissions. Although the quantities of mercury released rarvely bring i into the top lists of pol-
lutants, i ranks second for non-cancer toxicity risk for both air and water releases from all North American industries.
The mercury in waste rock and tailings may become dissolved through ARD or moved into stream sediments through
erosion or spills. Mercury was disposed of on-site or released to land at 53 mines, but 64 percent of the total was at

three Nevada gold mines,

the total water releases from Morth American mines. The types of pollutants depend on the processing method used

as well as the composition of the ore. Nitric acid and nitrate compounds, which are not subject to reporting in Mexico,

were reported released at about one-third of the facilities in the other two countries—with 64 percent coming from

three facilities: the Williams Mine in Ontario; Mines Agnico Eagle Ltée’s Divicion Laronde in (Quebec; and the Pogo
Mine in Alaska. Ammonis, also not reported in Mexgico, was mainly reported by Canadian mines, but not by U8,
mines, although the reporting thresholds are similar, Nickel was reported inwater discharges from 19 facilities, with 50
percent being from two mines, Mines Agnico Bagle Ltéels Division Laronde {Quebec), and Silvermex Resources Incls

7

La Guitarra Compafifa Minerg S.A. de CV. in Mexico.
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The mining of copper, nickel, lead and zinc accounts for the highest proportion of air emissions and disposal or releases
to land of any type of mining, and is second only to gold and silver mining in the amount of polletants discharged to
water, This is partly a function of the large volume of material processed during base metal mining. The pollutants that
make up significant proportions of total North American industrial releases and transfers for 2013 are all metals {and

their compounds): zine, cobalt, nickel, copper and lead, which were disposed of on-site through tailings and waste

rock. These metals are also among the top pollutants reported by the mining industry, overall,

Lopper, nickel, lead ond zing .
mining facilities reporting for 2013

1,002 520 815,804 407
33% 3% 49%
aulturic acid Hitric acid/nitrates Lead”
Methano Ammonig ding”
Carbon disuifide Zing” Copper™
Zing® Manganese™ Nickel™
Copper® Hickel® Manganese®

b when interpreting North American PRYE data.
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~ Most reported air emissions are stack emissions from processing. Sulfuric acid, zinc and copper were
reported at many facilities, Carbon disulfide, which is only reported in Canada, was from two Ontario mine/mill com-
plexes. All methanol emissions, however, were fugitive emissions from one facility, Teck America Incs Red Dog Oper-
ations in Alaska. Methanol is used in the winter as antifreeze in dust control water (Northwest Arctic Borough 2009},

Sodiutan Water, Nitric acid/nitrate compounds and ammonia were reported in water releases af a relatively small
number of facilities, mainly copper mines {12 mines for nitric acid/nitrate compounds, and 9 for ammonia}. Zinc was
reported in water discharges at many Canadian and US mines, while manganese and nickel were each reported at
fewer than 20 mines, with a few mines reporting the bulk of the total amounts discharged.

§. The five top substances disposed of or released to land from these mining facilities,
cotabined, accounted iﬂr 62 percent of all releases and transfers from the mining sector and 32 percent of releases and
transfers from all North American industries in 2013, Almost all of this is through disposal in waste rock and tailings
it the United States and Canada. Reporting thresholds {for both quantities and concentrations of pollutants in waste
vock and tailings), discussed in chapter 2, influence both the differences between the two countries and year-to-year
changes at facilities. Of the top five retals, nickel and lead (and their compounds) are reported through the RETC, bt
only in very low arcounts, as tailings and waste rock disposal are not subject to reporting.

The risk to environmental and human health from metals in tailings and waste rock is primarily related to their poten-
tial to enter surface water and groundwater through ARD, leaching, evosions or spills or, to a lesser extent, their poten-
tial to become airborne as dust {section 3.5.1). A high proportion of the total disposal through waste rock and tailings

is from one mine, Teck American Inc’s Red Dog lead-zinc mine in Alaska (box 15).
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Other metal ore mining faciifties
reporting for 201

587,653

172,857,890

15%

16%

10%

Ammonia
Manganese®
Sulfuric acid

Hydrochloric acid
Vanadium®

Nitric acid/nitrates
Fluorine
Yanadium®
Ammonia
Manganese™

Phosphorus {otal)
Manganese”
Copper®
Vanadium”
Lead”
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This WATCS mining code covers a mix of mine types producing different products:

*  In Canada: five graniom mines and facilities mining niobium, cestum and tantalum, platinum group metals,
tungsten, and combinations of metals that cross categories (copper-gold, and copper-gold-molybdenum)

*  In the United States: molybdenwm mines and other facilities producing metals including vanadium, beryllium
and titantum

s In Mexico: molybdenur mines and a silver mine.

This “other metal ore” category accounted for significant proportions of total North American industry releases and
transfers in 2013 of phosphorus (total), cvanide and vanadium. Phosphorus was alrnost all (over 99 percent) as on-site
disposal by lmperial Metals Corporation’s Mount Polley copper and gold mine in British Colurmbia, and Magris Res-
sources La Mine Niobec, Quebec (a nioliwm wine). The dominance of cyanide in this mining type is solely related to
off-site disposal of over 1 million kilograms of cvanide in 2013 by a Mexican silver mine, Minera La Encantada, S.A. de
C. ¥, in Coahuila {which likely reported under the wrong NAICS code). Vanadivr was mainly (82 percent) from the
Mount Polley mine, and represented an anomalously large on-site disposal that year.

The range of mining types is reflected 1 the lists of top pollutants (e.g

S et

figure 30}, which are, in some cases, related

mainly or fully to one facility. For example:

*  The ammonia was mainly from two facilities, mostly as land disposal at a beryllium mine in Utah {Materion
Matural Resources Inc. Mill}; and as air emissions at a vanadivm mine in Arkansas (Bvraz Stratcor Inc.).
This NAICS code accounted for 50 percent of all mining sector ammonia air emissions,

* Al fluorine released to water by mining or any other industry sector in Canada in 2013 was from Magris
Ressources’ La Mine Niokec in Quebec. Fluorine is enviched in the mines ore deposit {Clow et al. 2011).
Fluorine is only reported through the Canadian NPRL

s Although the release is too small to show up in the top five pollutants for this mining category, the mining
sector’s total release to water of dioxins and furans — pollutants recognized for their high potential toxicity

------ was from one U8, facility producing titanium and other minerals, the Chemours Starke Facility in Florida.

Five Canadian uraniwm mining and milling facilities, all in northern Saskatchewan, reported for 2013. Main substances
reported through the NPREwere as disposals of metals in tailings and waste rock. Lead (and compounds) comprised 62
percent of total disposals or land releases for the five mines. Tadlings and waste rock also contain significant concentra-
tions of radicactive elements that are not subject to reporting under the NPRI. These are, mainly, two decay products of
wraniurm: thorium-230 and radiem-226 {Canadian Nuclear Safety Comumission 2015}, Data on disposals or releases of
these radicactive substances by facilities are not all accessible. Discharges of radium-226 to water are reported anmually

as part of compliance with the Metal Mining Effluent Regulations (EC 2015b).
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Stone mining and quorrying focilities
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Many stone quarrying operations do not rueet the standard PRTR employee or production volume thresholds®

The
relatively few facilities that report are mainly in the United States, reflecting the much larger size of the industry in that
country. Reporting to the TRI for this mining type is only required for beneficiation, and only required for facilities that

do not include a quarry (U8, EPA 2016},

Amounts of reported pollutants are low for this mining type, with air pollutants being the most significant. The only

reported water discharge was of less than one kilogram of copper at one facility.

For 2013, two facilities accounted for 80 percent of fotal releases and transfers for this mining type: Lhoist NA of Ala-
barna LLC-O'Neal Plant, which produces limestone produocts; and 3M Co. Wausan Grevstone in Wisconsin, which pro-
duces roofing granules for the asphalt shingle industry. The twe had very different reporting profiles, with the Lhoist
Alabama plant reporting close to 100 percent of all air emissions for this mining type, and the 3M Wausau facility data

being approvimately equally split between on-site disposals and transfers to recycling of metals,
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Sand, gravel, cloy, and ceramic and refroctory
nmiinerals mining and guarrying Jocilities
reporting for 2013
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Methanol M;;ﬁjwﬁ, Lead”
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hapter 2, section 212
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This mining NAICS code includes several diverse types of mining and processing. As with stone mining and quarry-
ing, most facilities reporting are in the United States due to that country’s higher production of the mineral products
covered by this code. Only beneficiation facilities that do not include quarries must report to the TRI. This category
includes facilities producing a range of industrial minerals. Most releases and transfers {97 percent} were from facilities
producing minerals used in the manufacture of ceramics (Irnerys Pyramax Ceramics in Georgia; three Carbo Ceramics

Ine. facilities in Georgia and Alabama and Unimin Canada Lids nepheline syenite operations in Ontario).

Air emissions were refatively significant for this mining type. While the largest proportions of air emissions were the top
five pollutants reported mainly from the US. ceramics facilities mentioned above, a range of pollutants were reported
by other facilities. These include substances with high potential toxicity: polyeyclic aromatic compounds (reported at
five facilities), lead and #ts compounds {reported at seven facilities), and mercury and ts compounds (reported at one

clay mining facility). Almost all reported disposals or releases to land of metals were from the Canadian facility,
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Other aon-metollic mineral mining L
and guarying focilities reporting for 2013 s

61,521 57.010 29,047 070
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This WATCS category represents a diverse range of mineral extraction and beneficiation facilities and the data must be
looked at by type of facility to understand the pattern of releases and disposal. In addition to the most common mine
types covered below, facilities in this category produced gypsum, diatomite {distomaceous earth), vermiculite, fluor-
spas, wollastonite and roofing materials, Most of the 2013 reporting in this category came from Canadian mines, which
reported a total of 29,046,765 kilograms of on-site disposal or land releases. The total reported by UK, facilities was
much lower, at 49,625 kilograms, with 84 percent of that from one facility, the Cargill Inc. salt mine, Mexican facilities
icana [ 8.A. de OV,

in this category reported 9,042 kilograms of releases, most {91 percent} from Roca Fosforica Me
i Baja California Sur,

Ten facilities were active in Canada in 2013, nine of which are in Saskatchewan. Potash production in 2013 had a value
of 17885.5 billion, almost half the value of mineral production from this mining type for Canada {chapter 2, section

2.1.3}. No potash was produced in the United States or Mexico.

Potash mines reported no pollutants released through water discharges or air emissions. The main substances disposed
or released to land, in order of decreasing total mass, were manganese {and compounds) from six mines, phosphorus
{total) from one mine, vanadium {and compounds) from two mines, chromium {and compounds) from two mines,

and smaller amounts of zing, lead, arsenic, selentum and mercury (and their compounds).

The main pollution issues generally assoctated with potash mining, the release of fine particulate matter to air and
release of salts and clays and other fine sediment to water (chapter 2, table 9), are not reflected in these data. Salts and
fine sediment released to water are not required to be reported ander the NPRL The Canadian PRTR does require
veporting of fine particulates released to aix, which can be harmful to hwman health; however, for reasons explained
earlier in this chapter, the data are not included in the Taking Stock Online database. Beaders can consult the NPRE
database for data on particulate emissions from potash mines in Canada.

In 2013, four diamond mines were operating in Canada, three in the Northwest Territories and one in northern Ontario,
No diamond mining took place in the United States or Mexico. The top substances disposed of on-site as waste rock
were phosphorus (total), nickel, manganese and chromium (and their compounds).

The only air emissions of any significant quantities were 1,600 kilogrars of propylene from the De Beers Canada Inc.
Snap Lake mine, and 1,800 kilograms from the Dominion Diamond Bkati Corp. Ekati mine, Propylene is one compo-
nent of ernissions from diesel power generation. Other substances (CACs) in the emissions from diesel power genera-

tion at these sites are reported to the NPRI, but are not included in Tuking Stock.
All four diamond munes reported emissions of diogins and furans. Althouogh the quantities were small, these emissions
may be significant from a risk perspective, as these chemicals are highly toxic, bicaccurulate throughout the food web,

and persist in the environment {section 2.3.3), Dioxin and furan emissions from waste incineration accurnulated in

sedirments in a lake downstream of the Bkati raine, and were dete

ed through sampling n 2008 (Wilson et al. 2011},

This discovery led to the company taking measures to tmprove incineration practices o reduce emissions of dioxins

and furans.

Cnly two dimmond mines reported water discharges. The main releases from the Snap Lake mine were nitric acid and
nitrate compounds, ammonia, and manganese compounsds, while the Ekati mine reported a release of mercury com-

p@umﬁ&: ta water,
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One facility in Mexico and two in the United States reported releases and transfers of pollutants in 2013, Canadd’s salt
production made up almost 1.5 percent of the value of mining for the country that year {chapter 2, section 2.1.3), but
no salt facilities reported through the NPRIL Few on-site releases to air and water were reported for this mining type,
but those reported were substantive, The Cargill Inc. Salt Division in New York reported a release 1o air of hydrochloric
acid that accounted for 68 percent of all air emissions from this “other” mining category. The Sales def Istmo S.A de C V.
salt mine in Veracruz reported releases of nickel, chromium and cadmiuwm (and their compounds) to water, ranking
third among all Mexican mines for water discharges in 2013,

Only one Canadian and one Mexican phosphate rock mine reported amounts for 2013, but these were relatively sub-
stantial. Reporting from Agrium Inc’s Kapuskasing operations in Canada was of phosphorus {total) and manganese
compounds, with the largest quantities being through disposal to land, Phosphorus air emissions from this one facility
accounted for 82 percent of total mining sector phosphorus emissions in 2013, Roca Fosfdrica Mexicana in Baja California
Sur reported releases to water of chromiom, lead, nickel, cyanides, cadmium, arsenic and mercury (and their compounds)

that, combined, made up 73 percent of all pollutants reported as water discharges for all Mexican mines that vear,

1.5 Discussion: Compleleness

Comtent of the Mining Sector

ned Comparabiity of North American PRIR Data Inthe

The closer examination of releases and transfers by mining type in the previous section reveals a high degree of vari-
ability in pollutants and quantities from facility to facility, Some of this variability is related to mining type, some to
vegional geology, and much to the nature and scale of each individual mine, including the associated processing and
support operations. Differences in PRTR reporting requirements among the three countries {presented in chapter 2,
section 2.4) must always be taken into account when looking at data at the continental scale. Compliance with report-

ing requirements and consistency in reporting practices among facilities likely also play a role.

As stated earlier, total amouants of pollutants released and transferred by the mining sector do not provide a very useful
measure of the pollution impacts associated with mining activities in North America. However, summaries such as

those presented in section 3.2 provide information on the main pollutants to focus on for the industry and the main

types of releases and transfers. Minerals that ocour naturally in ore deposits and surrounding rock and that are dis-
posed of on-site, primarily as tailings and waste rock, dominate total releases and transfers for the United States and
Canada. This on-site disposal category is not included in Mexicos RETC, A quantity of a metal in waste rock or tailings
managed on-site 1s very different, in terms of potential for exposure and risk to huwman and environmental health, from
the same quantity of that metal emitted to air or discharged to water, where it can rapidly spread to the surrounding
environment. This does not mean that quantities of pollutants disposed of on-site should be discounted, but just that
the information needs to be interpreted from a different perspective. Most spills and long-term, difficult-to-mitigate
environmental impacts from mining are related to vears of cumulative disposal of mine waste on site. Annual reporting

of the types and guantities of substances disposed of provides a record of the accumulation of stored pollutants at each

the manner in which they are managed during and in the vears following mine operation.

The hazards associated with pollutants also vary greatly. For example, some common mining-associated pollutants, such as
mercury, arsenic and cyanide, are known to have acute and chronic toxic effects, while total phosphorus, an abundant min-
eral that is present in waste rock and talings, is largely of concern because of its potential to alter aquatic ecosysterns through

nutrient addition. Appendix 2 summarizes information on potential effects of the main pollutants associated with mining.
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The sections below provide further examination of some of the aspects of mining-related activities and pollutants that
have been discussed throughout this chapter to evaluate if and how these are adequately reflected in the data reported
to the North American PRTRs. Additional details are provided about mining waste management practices, the pollut-
ants typically associated with certain types of mining, and the potential issues that can arise when these pollutants enter
the environment. This information provides a basis for identifying how the national PRTR reporting requirements
could be enhanced to provide a greater level of detail and thus serve as a starting point for understanding the nature
and potential impacts of mining-related releases and transfers,

w

Mining dominates North American industry totals for on-site disposal or releases to land of pollutants, with the bulk of
this being disposal of minerals that are common in ore and surrounding rock. These substances are deposited in large
quantities as failings, waste rock, and spent ore from heap leaching, as & part of the mining process, The effectiveness of

pollution control measures for many industries can be measured by tracking the pollutants released as stack emissions

disposed of annually on site is related to production trends and the characteristics of the ore body being mined. Pollu-
tion controf is through containment and maintenance of this waste material, in order to prevent potentially deleterious
substances from becoming mobilized through water or air during the life of the mine and beyond. The risks posed to
environmental and human health from stored mining waste are influenced by many factors specific to the local situa-
tion and the pollutants of concern—{or example, potential for generating acid rock drainage {ARD), climate and water

regimaes, terrain, and the nature and sensitivity of downstream aquatic ecosysterns,

The risks posed by tailings and waste rock, and the mitigation and decommissioning measures for these two main cat-
egories of on-site disposal, are quite different. While both may need messures to control ARD or other leaching, waste
rock is novmally coarse material in piles on land, while tailings are finely ground particles, sometimes also containing
process chemicals (such as cyanide}, and are usually disposed of in ponds contained by dams. Distinguishing tailings
from other forms of on-site disposal in the three PRTRs would provide better information for an evaluation of potential
camulative risk from pollutants on site. Tatlings are reported in separate categories, and differently, under the WPRI
and the TRI In Mexico, disposal of pollutants in waste rock and tailings is regulated by other environmental authorities
and reporting is not required through the RETC.

Other, key information that would be very useful in relation to the disposal of mining waste would be the consistent
reporting of the concentrations of pollutants in waste rock and tatlings. This information would contribute significantly
to our ability to evaluate risk to downstrears waterways if waste ruaterial enters or is af risk of entering the agquatic envi-
ronment through spills or other unplanned releases. Canada’s NPRI requires the reporting of the concentrations of pol-
futants contained in tailings and waste rock, and concentrations are provided by facilities to demonstrate how they have
caleulated amounts. However, this information ks not consistently reported te and presented through all three PRTRs,

As discussed in the previous analysis of pollatants by mining type, pollutant releases and transfers can be dominated
by one or a few mine facilities and can be expected to vary from year to vear with changes in production and mining
fife cycle events, For most pollutants, there is a high degree of variance in reporting from one facility to the next, and
from vear to year for individual facilities. For this reason, inclusion of facility commenis on the PRTR reporting form
can provide important context about the reported data. Canadian and U8, facilities can provide comments regarding
significant year-to-vear changes in their date, but doing so is not mandatory; as a result, only a small percentage of

facilities provided such information for 2013.
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Many pollutant releases and transfers are highly correlated with production characteristics—both the amount of ore
mined and the composition of the mineral deposit, As large quantities of tailings and waste rock are produced by most
mines during the course of their operations, small changes in the concentration of the metals from vear to year greatly

affect the absolute amounts of metals that are reported annually through PRTRs.

Byents in the life of a mine may lead to anomalies that are not representative of a pollution incident, but instead are a
byproduct of mine development or decommissioning. These mine events might include, for example, preparation for

opening a new pit that incurs a greater-than-normal excavation of waste rock. Examination of trends over the past few

% 2 |4 At ] OO EEEHE 1) ()

Examination of pollutant trends shows that releases to land of barfurm and thablium (and their compounds) from
mining were much higherin 2013 than in previous years (see figure below). Closer examination shows that Rio
Tinto America Inc.’s Kennecoit Ramey's Canyon Mining Co. gold mine in thah accounted for g5 percent of barium
and 88 percent of thallium releases and transfers forthe mining sectorin 2013, The explanation can be found in
the mine’s TRI form general comments section

“The majority of the quantity of release reported in section 5.5.4 {Other On-Site Land Disposal} is due

to the one-time release from the closure of the heap leach pad. This was a one-time event that was not

associated with the normal or routine production process...”
The closure of a heap leach pad Is eguivalent to disposing of tailings—but the pad, which had been used for processing
gold for many years, was reported as on-site disposal in one year, While the materfal was being leached, it was ore
undergoing mineral processing, not waste. When the mine closed, the material became a mine waste, which triggered
a requirement to report the pollutants in the entire heap leach pad in one year. Aside from this heap teach pad
decommissioning, the largest sources of reported barum from mining were coal mines, while gold and silver mines
were the main sources for thallium,
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years show anomalously high levels of three pollutants in on-site disposal or fand releases in 2013, Looking at the data
at the facility level provides an explanation for this apparent trend {box 16},

Averages for pollutants reported from 2009 to 2013 were examined in order to develop a list of the main pollutants
associated with the mining sector that excludes anomalous releases and does not overemphasize releases or transfers

from one or a small nurmber of facilities.

The top 25 pollutants reported over this 5-year period are listed in table 21, along with their means, a measure of vari-
ability of the means, and the number of facilities reporting each pollutant in 2013, Inspecting the data at the facility
level when there is high variability from vear to vear {see the “Notes” colurmn in the table) reveals patterns that are much
more meaningful than simple time trends of the means. For example, data for one year may represent anomalously
high releases from one or a few facilities, or a change In reporting practices may be the cause. Only the most recent

S-year period is included in the table, as changes in reporting requirernents affect the data increasingly before 2009,

The pollutants highlighted in the table are included in appendix 2: Main Pollutants Reported to the PRTRs by the North
Awmerican Mining Sector (2013): Sumumary of On-site Release and Disposal Information, Sources and Potential Bffects.
Excluded pollutants (not highlighted) were reported at fewer than ten facilities and typically had very high vear-to-year
variability, indicating that the releases or transfers are specific to beneficiation processes at only a few mines, associated
with rare mine evenis, or perhaps are reporfed inconsistently or in ervor, Thallium, although it fits these criteria for
exclusion, is included in appendix 2 as a main mining polletant because it is likely under-represented in the PRTR data
{as it is not reported in Canads and Mexico). Overall, the list derived from the 5-year average matches well with the list
of main pollutants for 2013,

1 Main Mining Poliutants, Means and Variabillty zoog-2013)

Mean anmal Cogficient of  Facilities
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Certain types of pollutants that are not subject to reporting in all three PRTRs, and thas excluded from Tuking Stock
and the above table, are important to consider if we are to understand the pollution associated with North American

mining. They include the following:

H
‘1\\"0\.~

As in the case of other industries, GHG emissions are of increasing importance in strate-
vies airned at mitigating the scale and trapacts of cdimate change, As mentioned in chapter 1 (box 1}, GH{G emissions
> pel 3 "y 3 E

ave reported at the facility level in each country through different mechanisvus, but are included only in Mexicos FRTR,

iscussed in the section on coal mining, CACs can be released in far greater

quantities than Uthcr PRTR- Fc‘?(}iftid pollutants. CAC emissions have been reported annually by facilities through
the NPRI since 2002, but are reported with less frequency and through separate inventories in the United States and
Mexico {CEC 2014, BCCC 2017). The exception is ammonia, which is included in the Canadian and U8, PRTRs, but
not the RETC. As noted in chapter 1, more facilities from each of the subsectors report to the NPRY; however, since

they only report emissions of CACs, they are not included in the facility counts in this report (see chapter 1, box 1),

are not subject to reporting under any of the North American PRTRs. In 2013, uraniwm mining was
only active in Canada, where it is under the management of the Canadian Nuclear Safety Commission (see chapter 2,

section 2.3.1).

Spills and leaks at mines range from relatively minor spills, such as spills from vehicles or equipment raltfunctions,
to significant events such as those caused by breaches of tailings dams (see chapter 2, section 2.5.2}. Spill prevention
measures and remedial actions are taken by the respective responsible authorities in the three countries, as well as the
mine facilities themselves, Bgually tmportant is ensuring the reporting of pollutants released during the event, as well
as the timely provision of information to the public in the immediate aftermath of a major spill.

Canada’s NPRI is the only PRIR systero that clearly distinguishes spills from other releases. It has separate categories
for reporting spills and leaks to air, water and fand. In the TRI, air emissions resulting from accidents or malfanctions
ave reported in a category with other non-point-source air emissions. Spills and leaks to water are combined with all
other water discharges. Spills or leaks to land are reported in the “other disposal” category. There is also a TRI report-
ing section that aggregates these quantities spilled, slong with other one-time, non-production-related releases. In the
RETC, spifled poltutants, where reported, would be combined with other releases in the air, water and land x:ategm‘if:s.
Because Taking Stock combines data from all three PRTRs, it is only able to use the broadest categories. Spills are, there-
fore, combined with all other releases for air and water categories, and spills to land are combined with all other types
of on-site disposal and land releases {chapter 2, table 13},

The NPRI data were examined in more detail, as the program distinguishes spills from other releases. NPRI data for 2013,

4 and 2015 (ECCC 2016b, BCCC 2018a, BCCC 2016¢) indicate that no leaks and few (albeit significant) spills were
reported at Canadian mines. In all three years, only minor spill-related releases to air were reported by two mines (both
i1 2013), Two spills to water were reported for 2013, both related to dam failures: the major Obed coal mine spill {section

L1} and a smaller spill of ammonia and metals to water from a gold ruine in Quebec (Heda Mining Company’s Casa
Berardi}. The Casa Berardi spill was caused by a breach of an internal tailings dike that released raterial mainly to another
pond in the tailings containment area, but also released an estimated 55,000 m” of fluid and 2,000 m° of solids to a stream
{Caldwell 2014). The Obed mine reported pollutants spilled to land, as well as to water. In 2014, the only spill reported
was the major Mournt Polley mine spill, which was reported as a spill to water. In 2015, one spill, mainly of arsenic, was

reported to land-—meaning it was contained at the site {Teck Highland Valley Copper in British Colurnbia).
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Information regarding recent major spills at operating and abandoned mining facilities in the three countries, based on

gvailable PRTR data and/or other sources, is summarized in table 22,

7V
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The purpose of a PRTR is to make information on pollutant releases and transfers publicly accessible and to track the
sources, releases and transfers of pollutants to aid in pollution prevention and reduction (CEC 2014). The inability,
under the TR and RETC programs, to distinguish spills from other types of releases is an tmportant limitation. For
the mining industey, spills are relatively rare but potentially major events that can lead to the rapid release of pollutants
i quantities that far exceed the mine’s normal annual pollutant releases. They are an important consideration when

develaping policies and programs 1o assess and address mine pollution,

Most mining-related spills of consequence are to water, The slog of pollution moves rapidly downstream, potentially
affecting aquatic ecosystems and downstream comumunities. An important function of a PRTR is to provide access to
information, tmmediately following a spill, about what potentially toxic substances were onsite and were likely to have
been spilled. The NPRI was used for this purpose in the aftermath of the Mount Polley spill. Corumunications from
the mining company {Imperial Metals) focused on dissolved substances in the tailings pond, not on pollutants in the
spilled solids. The 2013 WPRI report on the disposal of pollutants in tailings was widely used as the source of public
information on what had been spilled {Mining Watch Canada 2014, CBC News 2014, Paperny 2014). This was a reliable
guide, as later downstrearn monitoring demonstrated. The minegs 2014 NPRI report on the spill closely matched their
previous years (20092013} reports on tailings disposal-—ie., the quantities of pollutants reported released into water

when the dam breached were equivalent to the amounts deposited to tailings over about three years (BCCC 20164d},
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This in-depth examination of the release and transfer data reported for 2013 by the North American mining industry
reveals important differences in the amounts, pollutants, and types of releases and transfers reported by facilities.
While factors such as incornplete reporting and non-compliance can play a role, this analysis has shown that differ-
ences among national PRTR reporting requirements, including differences in definitions of release and transfer catego-

ries, strongly affect the data from the mining sector.

These analyses provide insights into some PRTR program differences that are particularly buportant in the context

of the mining sector—an industry that generates large quantities of waste containing pollutants that, depending on

how they are managed, may or may not pose risks to environmental or human health. The most marked mpact of
these inconsistent reporting requirements, highlighted throughout this report, is that significantly smaller amounts of
pollutants are reported by mines in Mexico than by mines in the United States and Canada. This is largely due to two
characteristics of the RETC program: the lack of an on-site disposal reporting category; and the exclusion from the list

of reportable substances of key pollutants typically associated with mining activities.”

Another issue that becomes clear by taking a closer look at the data {at the scale of mining types and individoal mining
facilities) is that releases and transfers reported under NATICS mining codes may also inclade smelting or other min-
eral refining activities that are covered by other NAICS codes. This is an artefact of the PRTR systems, which allow or
vequire facilities to report releases and transters from different industrial activities under one principal industry code,
This combining of reporting of releases and transfers from different sources at the facility level introduces problems for

data analysis and leads to a risk of making erroneous conclusions.

Table 23 summarizes ruportant aspects of mining sector releases and transfers and the extent to which they are covered
under the North American PRTR programs. It provides a basis for identifying potential enhancements to the national
systemns to better reflect the activities of the mining sector. For example, disposal of pollutants on site, mainly in tailings
and waste rock, accounts for most of the total amount of pollutant releases and transfers reported by the mining sector.
This category would provide better information for understanding patterns of pollutant releases and risks if tatlings and

waste rock data were reported more consistently and in distinet categories.

Minerals reported in waste rock and tailings occur naturally in the ore deposit and are contained and managed on-site,
From a pollution stand-point, what is important is not the amounts stored on site, but the risk of these metals or other
minerals eroding,
are not reported consistently among the national PRTEs and as a result, they are not able to be distinguished from

leaching, spilling or being spread by other means into the surrounding environment. However, spills

other releases in the Taking Stock Online integrated, North American PRTR database. As spills ave relatively rare, but

potentially very major sources of pollutants, they need to be considered in any assessment of mine pollution and risks.

For some mining types, air pollutants that result from fossil fuel combustion and activities that produce dust {criteria
air contaminants) are a significant aspect of the industry’s emissions and pollutant issues. These pollutants, as well
as greenhouse gas emissions, are monttored and reported in different ways in the three countries and are therefore
excluded from Taking Stock, While it may be mpractical to combine these into one reporting system, they should be

considered in any in-depth look at air emissions from mining.
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| PRYR Coverage Relative to the North American Mining Sector
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This feature analysis has revealed that total arnounts of pollatant releases and transfers are often dominated by one or
a few facilities and therefore, looking at totals, averages and changes over time may be misleading. Much maore can be
learned by examining the data for specific pollutants, mining types, regions and facilities, Additionally, other important
sources of pollutants should be considered when looking at the broader picture of mining-associated pollution. These
sources include accidental releases and non-point-source releases such as dust associated with exiraction of minerals,
vehicle emissions, and storm water runoff that may erode or leach pollutants from mine workings and from waste

stored on-site.

The insights abouot the mining industry’s waste management practices, and the potential issues that can arise when pol-
futants associated with these processes enter the environment, provide information that is useful for future enhance-
ments to the North American PRTR programs to better reflect the activities of this tmaportant sector. The resulting
data-more complete, accurate and comparable——can, in turn, inform pollution reduction policies and initiatives

across the region.
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For those new to pollutant release and transfer registers or to Taking Stock, this appendix describes the
characteristics of the three national PRTRs, including the features that are unigue to the system of rach
couniry. It also describes the scope of this report and the methodology and terminology used in it

Foptures of the Throe North American PETHs

= anada’s NPR

fwww.canada.ca/en/environment-cimate-changs//services/ national-pollutani-release-Inventory. imb
4 * - .. ; - “
o Mewico's BETL hupo//sppst.semarnat gob.mx/reic/index bimD
s The L5 TR twww.epa.gov/tonics-release-inventory-tri-program)

Each country’s PRTR has evolved with its own list of pollutants, sector coverage, and reporting requirements.
Table A-t compares the main features of the three PRTRs.
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Which Pollutants Must Be Beported?

The pollutants subject 1o national PRTR reporting requirements are listed because they meet certain criteria for chem-
ical togicity and the potential for risk to hurnan health and the environrent. Bach PRTHE systern covers a specific list of
substances: NPRI spans almost 350 pollutants, TRI over 600, and RETC 1042

As of April 2006, the Chemical Abstracts Service (CAS) listed more than 27 million chemical substances and identified
more than 239,000 of them as regulated or covered by chemical inventories worldwide,

Facilities report the amounts of each pollutant they have released to the environment, or disposed of, at their own
location {on site). They also report how much of the substance was sent off site for disposal, or transferred for recycling

or other waste managerment,

Pollutani-based reporting thresholds exist, and certain pollutants have lower reporting thresholds due to their greater

potential for risk to human health and the environment. In general, the PRIR pollutant thresholds are as follows:

¢ For Canada’s NPRI and the U8, TR a facility must report if it manufactures, processes, or otherwise wses
{e.g.. in cleaning industrial equipment) 10,000 kilograms {NPRT) or 11,340 kilograms (TRD of a listed pollutant.
The US.TRT also has an “otherwise use” threshold 4,356 kg {with the exception of PRTs).

« Mexico's RETC has both an “activity” threshold and a “release” threshold. A facility must report if it meets or
exceeds either threshold. The RETC “activity” threshold is typically either 2,500 kilograms or 5,000 kilograms,
depending on the substance; the typical “release” threshold is 1,000 kilograms.

Formore information, see the Listof Pollutants Reported to the North American PRTRsat <PRTR Reporting Requirements>.

Assessing potential harm to human health or the environment from particular releases of a pollutant is a complex task,
because the potential of a substance to cause harm arises from various factors, including its inherent toxicity and the
nature of the exposure to the substance {e.g., the potential risk posed by asbestos sent to a secure landfill is considered
1o be much lower than the risk posed by asbestos released to air). However, the reported data and information about a
pollutant’s chemical properties and toxicity can serve as a starting point for learning more about its potential impacts.
For more information, see the text box in the report introduction, “Factors to Consider When Using PRTR Data to

Fvaluate Risk.” Readers may wish to seek other sources for more information, such as:

s {JS Agency for Toxic Substances and Disease Registry, ToxFAQs,: <wwwatsdrcde.gov/toxfags/index.asp>;
s State of New Jersey, Department of Health, Right-fo-EKnow Hazardeus Substance Fact Sheets (information also

available in Spanish): <http://web.doh.state.nj.us/vikhsts/indexFPs.aspx>.

Which Industries Report?

Bach coontry requires PRTR reporting by facilities in specific industrial sectors, or undertaking specific industrial activities.

» In Canada, all facilities that meet reporting thresholds and requirements report to the NPRI, with the exception
of a few resource-based sectors and certain activities such as vesearch laboratories,

¢ In Mexico, all industrial sectors regulated under federal law are required to report to the RETC, along with
facilities in other sectors that engage in activities subject to federal regulation. These include facilities that handle

hazardows wastes, or discharge pollutants into national water bodies.

G0 substance

st bas evpanded to in
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¢ In the United States, TRI requires reporting by federal facilities, most manufacturing facilities and industries
that service manufacturing facilities {e.g.. electric utilities and hazardous waste management facilities). A few

resource-based sectors, such as oil and gas extraction, are exempt from reporting.

Canada, Mexico and the United States have adopted the North Aruerican Industry Classification System (NAICS),
whaose codes are used to categorize the industrial activities of a facility. NAICS codes were established in 1997 and since
2006 they have been incorporated into PRTR reporting to replace the standard industrial classification {SIC} codes
used by each country. Although there is some vartation among the three countries in the subsector categorizations and
codes used, the breakdown of industrial sectors into general categories is the same (see the text box}. For more infor-
mation about the implementation of the NATCS system in each country, see:

+  Canada: bttps:/fwww.statcan.ge.cafeng/subjects/standard/naics/201 7v2/index

»  Mexico: hitp//www.ineghorgomx/est/contenidos/proyectos/SCIAN/presentacion.aspx

® United States: www.census.gov/egi-bin/sssd/naics/naicsech¥chart=2007

Morth Amerdean industry Classification System

NAICS codde  Industry

i1 Boricubiure, Fovestry, Eishing and Hunting

Utilities (Electricity, Water and Gas Distribution)

2132733 Manutacturing

A4/45/46 Retail Trade

Information and Cultiral indu

Real Ectate and Reptal and Leasing

Management of Companies and Enlerprises

HSEIOR for Env
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PRIR reporting requirernents are based in part on the industrial activity undertaken within a facility, and not only the
industry code assigned to that facility. Therefore, not all facilivies within a given sector might have to report. For exam-
ple, within the economic sector that includes dry-cleaning, only those facilities undertaking the actual dry-cleaning
process, and not clothing drop-off points, might be required to report, Another example is a food processing plant that

is required to report because it has its own power plant 1o generate electricity.

Both NPRT and TRI have an employee threshold, generally corresponding o the equivalent of 10 full-time emplovees
{with sorae exceptions for pollutanis or certain types of facilities). Mexico’s RETC does not have an employee threshold.

More information on reporting instructions is available on the NPRY, RETC and TRI websites.

Thking Stock vses the following categories for presenting information on pollutant releases and transfers
(see figure A-1).
On-site veleases or disposals occur at a tacility. These include:

- Releases to air
~  Releases to surface water
- Releases to underground injection

~ Dhsposals or land releases,
Off-site disposal: describes pollutants sent to off-site locations for disposal.
Transfers to recycling describes substances sent off-site for recycling.

Transfers for further management includes pollutants {other than metals™) sent off-site for treatment, energy

recovery, or 1o sewa ge.
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Afacility reports each year
the amounts of listed pollutants released
or disposed of onsite and transfarred off-site

Releases ta fir

isposat

Surface Water
Bischarges

Transfers to Recycling

Huderground
Injection

Transfers for Further
Mansgement
{excludes metals):

Bisposal o
Land Releases

w Sowage

Because of national PRTR reporting requirements, including thresholds for pollutants and facilities, only a portion
of all industrial pollution is being captured. Also, industrial facilities are not the only sources of pollution in North

Araerica.

North American PRTR data do not provide infonmation on the following:
s All potentially harmful substances. The data provide information only on the pollutants reported to each country’s PRTR.

o Al sources of contaminants. The report includes only those facilities in the countries’ indusirial sectors, or
undertaking specific industrial activities, that are subject to reporting to each national PRTR program. The North
American PRTRs do not include emissions from automobiles or other mobile sources, from natural sources such
as forest fires, or from agricultural sources. For some pollutants, these robile, natural and agricultural sources

can be farge contributors to the overall amounts.

o Releases and transfers of all poliutants from a facility, Only those pollutants for which reporting thresholds

are met are included.
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o Al facilities within vequived veporting sectors. In Canada and the United States, only tacilities with the equivalent
of 10 full-time employees must report (with certain exceptions). Mexico has no employee threshold.

o Envirommental fate of or risks from the pollutants released or transterred.
» Levels of exposure of human or ecological populations to the pollutants.

o Legal limits of a pollutant from a facility. The data do not indicate whether a facility is in compliance

with permits and other regulations,

Drata for releases of criteria air contaminants {CACs) and greenhouse gases {GHGs) are not included in Taking Stock,
due to differences in national reporting requirements for these pollutants. CACs—inchuding carbon monoxide, nitro-
gen oxides, particulate matter, sulfur oxides and volatile organic compounds—are a group of chemicals associated with

environmmental effects such as smog, actd rain and regional haze, and health effects such as respiratory fllnesses. Major

sources of CACs are the burning of fossil fuels, as well as natural resource extraction and a variety of manufacturing
activities. GHGs contribute to climate change by trapping heat within the eartls atmosphere. The major GHGs include
carbon dioxide, methane, nitrous oxide and three groups of fluorinated gases. Some of the main anthropogenic sources

of GHGs are the burning of fossil fuels, deforestation and agricultural activities. CAC:

are reported to Canada’s NPRI
and GHGs are reported to Mexicos RETC, but these poliutants are not subject to US TRI reporting. However, there are

other sources of information on emissions of these pollutants in all three countries:

¢ Canadas National Pollutant Release Tnventory: (www.canada.ca/en/environment-climate-change/services/
national-pollutant-release-tnventoryhtml)

*  Canada’s Air Pollutant Emission Inventory: www.es.ge.ca/pollution/defanitasptlang=Endmn=F96430C4-1

s 118 National Fraissions Inventory: hitps)/ /www.epa.goviair-emissions-inventories/

national-emissions-inventory-nei

*  Juventario Nacional de Fmisiones de México (National Bmissions Inventory of Mexico}: httpsi/fwww.goboany/

inecc/acciones-y-programas/emisiones-80133>

*  Canadas Greenhouse Gas Reporting Program and National Inventory Report: hitpy/fec.go.ca/ges-ghg/default,
asplang=en&n=04

¢ U8, Greenhouse Gas Reporting Programy < hitpsi//www.epa.govighgreporting >

s Mexicos RETC {facility-specific GHG data): (hitpy//appslsemarnat.goboanx/retc/index.html)

125
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The main pollutants incladed in tables A-2 and A-3 were selected and ranked based on release and transfer data avail-
able through the CBECs North American PRTR database for the years 2009 through 2013, During this period, there
were few changes in reporting requirements that affected mining releases and transfers. A total of 93 pollutants were
reported by the mining sector over this five-year period. Average annual total releases and transfers were under 10 kg
for 14 of these substances.

Calculating ranks and selecting the main pollutants based on five-year averages, rather than on a single vear, has the
advantage of minimizing the vear-to-vear fluctuations caused by major facilities shutting down or coming on-stream
or by anomalously large discharges from spills or other infrequent events occarring at one mine during one vear. A few
substances that were specific to one or a very small number of facilities over the five-vear period were excluded from
the list of main pollutants (see notes),

Guidelines for drinking water and for the protection of aguatic life in {resh water in the United States and Canada
are also sumrnarized in table A-2. While PRTR data do not provide any information about levels of pollutants in
waters downstream of the mining facility, these guidelines are an indication of the risks posed to water supplies, public
health and aquatic ecosystems by pollutant releases to water and by pollutant land disposal when the pollutant may be
released to water later. Drinking water guidelines are maximurs acceptable concentrations based on health consider-
ations, undess noted otherwise. Guidelines for the pmtection of aquatic life are one or both of: 1) a maximum concen-
tration for chronic or long-term exposure, and 2) 2 maximum concentration for acute or short-term exposure. Note
that aquatic life guidelines are expressed in micrograms per liter {ug/L), equivalent to parts per billion, while drinking
water standards are expressed in units that are 1000 times larger {mg/L, equivalent to parts per million).

A2, Biain Mining Pollutants Reported to the PRTEs 2oog-2013)
$umim vy of Onesite Belegse and Disposal Bata, Sources and Potential Effecis

Paoliutant Ja-site Mining Relsases/
ant Ranking Disposals, (Rark by
{hy 2008-2013 2009-2013 Average)
Average of 3 |
Total Releases gy | Water | Land |
Transiers) Mining-refated ssurces Potential etfecis Water qualily guidslines

Sntimony® e antimony w - Antimony expose causes microscopic | .
ch e isposal in failings and waste rock and changes to human organs and thsues, | Diinding water guidefine: 0,005
' i water dischares from roetal mines, There Is evidence that antimeny gL for UG and Canada,

o 38 8 12 especially ool mines Antimny is often hisaccumitates I saualic crganisms Mo ciidelines are set for
Raplang: present o gold ores. 1t s 2 metaliold, but does ot become magnified 1 000 | wotection of anuatic e due
Al sectars: 44 exibiting similar properties to arsenic and | chalns (Dovick ot al, 20160 There I Itle 45 ineufioiant data.

Mining: 13 often aocurting with arsenle, information on toxloity avaiiable,
fock: North Amenican Poitniant Releazes gnd Tra i3
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Pollutant
and Ranking
{by 2009-2813
fverage of
Totai Relaases
& Transfer

Bariom?
s

Ranking:
Bl suclnrs 4
Mining: 18

Lhromium®
GA M US

Ranking:
Bl cuelnes 13
Mining: 8

P

132

Hn-sile Mining Relsases/
fisposals, {(Rank by
2008-2013 Average}

fir Water | Land

32 19 i

Mining-related sources

Bartum on-site disposal was mainly from
coal mines and sume metal mines. In 2013,
S5 percett of barium releases and disposal
was front deconimissloning 2 eap leach
patl at o6 pold rine in Ukals, Total bardum
releases will be underestimated as barlus
s only reported in the United States.

Though amoiints released varied preatly
Trom year fo year, clyomilim was a cummion
constitient reported I disposal Bunigh
failings and wasts mck by metal ore milnes.
Chromium coows taturally i rock and sl

Potential efects

Bariim in drinkdng water can calise
slevated blood presawe Human health
CONCEINS for i emiasions are related o
inhalation where barium compounds ae
daed i seetors such a3 manifactiing,
Barun compnunds have vaning dedrees of
solubilthy n water with the natural barim
compaunds in tminaral deposits being ot a3
il barilim compuiings

Al chemical farms of chiomium can be
foic ho humians ot hish levels. Lower lovels
can catse allerple reactions Including
asthing and sldn intatios Cluombum is
fuxic to aguati fife, thoiich todcty varkes
considerably with the chembeal farm, Mot
chrominn entering water remaing attached
to sediment particles. Hexavalerd chiomium
{4 compoiings {not senerally associated
with minbiz) have He Bichest toxicity ayd

2}
bisac fo infish tssues.
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Water guality guidelines

US drinking water guidelive:
2 gt oo gludeline set for
Catada.

Ko guidelines are set for

protecton of aguatic fife.

Deinkdng water cludeline.

01 med for US; 085

e Canada.

Guidslines fur potection of
aguatic e US-570 ng/t
acite and M upd chonle:
Zuidelines are speciBictothe
chietnical forr of chromium i
Catada.
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Poltutant fn-site Mining Releasesf
and Ranking Hispusals, (Rank by
{hy 2008-2013 2009-2513 Average}
Average of
futal Releases Br | Water | Lang o . o
& Transters; Mining-related sources Potential etiects Water quality guittelines
ik waler slidelines are
Copper is a required nufrient at low levels, | based on aesthetic eriterla:
Coohet i 4 comon Constiuent of but high levels can be harmfulto human. | L3 mg/t forUS and LD ma/l
Copper ;aii%ssst; i and h;d!disposai to nealth, causing fier or Kidney damage. | frfianada
oA LS ‘taéii;ag;a and waste tock for metal o Copper i drinkdng water affects water Guidelines for protection of
. 19;6%;‘;%&%1%34 haﬂ;a ot mirae; taste and causes Staining of laundry, anuatic e USguldelbes
. 7 18 4 | rmerm e N Capper s also ssaential for plants and are caleulated hased on how
Ranking: Cappet acours maturally fn rock soll and

A sectore &
Mining. 4

Hydeoohionis acid
CH HE

Ranking
&l seclors: 18
Mining: 22

Lead”
A MK US

Ranking:
8l suetore: 2
Miming ¢

s
o
posd

water. Copper disposed of on baad ey
fater be released o water as s affen a
coponent of acld rock dralnage.

Hudrachlone acid was cmitted by mines in
several caternips through heneficiation
pracEsaEs, Most (84 pernent) of the tutal
amissions was from fron ore teines twhich are
xampt front reporting in the United Shates)
Hydrachlone acid released to alt I8 senerally
rapidly nedtralized when # onvacts soll
idwater

Dlsnosed of in tailings and waste rock
and released fo alr and waler by mines

i most categoties—but especially base
metal mines Lead disposad of on land
may later Be raleased towateras it
often 2 cobpornent of acid rock dratnagse.
Lead oocurs matwally b rock and sail

animals, bt in some chemical forms i s
Nighiy toxle t aquatic e Water quality
characteristics such as pH, ardness and
amointaf déssﬂiw‘d piganic matter have 2
mair effect on e davieity.

High concentrations of hudrachionie acid
i ar are tovle to humans when inhaled.
B s acutel bovie to all furms of e and
contibites to production of shing.

Exposire ko lead catises physical,
mental and behavioral devslopmental
impairment in nfants and childen,
Lead exposure cases kidney damage
and raised blod pressurs in adults.
Eead s acutely foxdc to fish and aquatic
werlebiales and lower lovsls have
,?ff:(, £5 00 sirvival and repradiction,

avallable the copper would he
to agquatic ife: Canada—the
siideline varies with water
hardness. I hardness is not
known the long-tem cuideline
is

g

Not applicalie ot released 1o
warter, and to sliidelines)

Drinkbg waler giidelnes,

G015 me/d Tor the United Stales
reatment Techninue action
bvels 0010 med for Conada.

Guidelines far protection of
aguatic e URB5 yoit
acute and 2.5 ug/t chionic,
Canada-the guldeline varies
with wates fordness
hardness 15 not brown, the
lnng-torm cuideline s 1 pedl

tock: Newth Apserican Pollutant Releases and Tra
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Pollutant

and Ranking
{hy 2009-2013
fverage of

fn-site Mining Releasesf
Hispusals, (Rank by
2009-2513 Average}

Air Water | Lang

Mining-related sources

Potential efects

Water quality guittelines

Morcury?
CH MX UG

Ranking
&l seclors: BY
Mining. 15

Bl A

g 25 15

Mercuwa seurs naturally i rockoand solls

but slenificant amounts also enter
ecosystens fom artluopogenk sotves

&y envissions were ot oo, sllver hase

metal and Iron nper ating 1s-»bu‘t sunsistently
close to 30 nercent fom qold mining, Weder
discharees and knd disposal of merciy were
'ﬂpmed by 3 range of mining types, with

Aish vear-dovear varation. bareanic merciry

can be transfarmed Into metinlbeany
Huoush chemical and biokeical processes
Methvlmercury ks the forrs Biat s very fosie
and accimulales i anuatis biota

xposirado al forms of mercury Catises
brabs aad othar nerye damage and Ridney
damage i1 humans, Young chlldien and
develaping Tetuses are miore sansitive than
aduits Both brganic and methylmercury
fars are foxic 1o 2austic plards and
aniivals, with a ranee of effects including
veproductive frapairment and reduced
growth Metinbnerctry becomes
concentrated thoueh food dhgins, sothat
eyen when it i o by wader 1 gy hecome
alevated I fish and axceed puidelines for
sk cansimption

Drinking water giideling:
G007 e/ T US D001 mefl
for Canada,

Guidelines for potechion of
aguatic Me IS L4 pedl
anitte and 077 ped chranic
for methylmercune
Canada-0.026 ne/l longlerm
for inorpane mersury and
G004 undt onpdeem for

et hybmerciny

Richel®
DA MX UE

Ranking.
8 sectors: 12
Mining: §

13 ! 7

water and disposed of
Hhaugh tazEmns and wasle rock at many
facilities, primarily metal ote, cosl andd

fton ars mines. Flve Canadian nickel

mines accauntsd for 872 percent of water
discharges and 64 percent of land disposal
in 2015 Nickel dispesed of oo ond may
later be released o waler as s eflen 2
component of acid rock dralnage. Nidke!
opetrs naturally s rock and soll,

Nickel can cause an allerdle reustion in
Numans, throush shincontact, inalation
o inpestian, Occupational visks of high
exposie include cancer Nickel todloity
to puiatic orpanisms varles with walyy
Nardness, with nickel belng more toxde

in softer water

No drinking water auidaliies

Gitidefings far the protection -33"'
anuatic e U5 A70 ned anut
and &2 o/l chronic, Gat Iada
e nuideline varles with water

hardness. If hardness s ot
known, the king-term guideling
i 25 pedl

[
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Puolfutant

amnd Ranking
{by 2009-2013
Average of
Totai Releases
& Transfers}

8n-sifs Mining Relsases/
Bisposals, {(Rank by
Z2009-2013 Average}

&ir Water | Land

Minng-related sources

Potential sffects

Water qualily guidslines

Phasphorus
Sotall

G

Ranking:
Bl suelnrs 1
Mining: &

i 3 &

Releases to water and land relenses and
dispnsal were reparted gt niines in several
categaries. Doal miniig actounted for

3 percett of phosphorus water discharees
in 2013 The ane phosphate kool mine
renortng thal vear actounted for 87 percent
of phosphonis sl emissiona, The extent

of releases will be underostimated, a2
plnspions b only reported 1 Ganadda
Phosphorls secins naturally in rock and soil

Phacshoris 158 nubrient ard canbad by
autrophication, causing changes to agustic
eemsystems tat affedt water use, drinking
waker quality and sguatic e Phospharus
only kas direct fodeity atvery Bieh lewele
Al forms of phosplors are reapfad fo be
renorted I Ranada because phosphonss
can enter water by bebve deposited from sl
roleases and leached from land deposits
and change nto cherical Torms that are
available for biclogicsl wowt 80 20130

o specifie water auality
aiddelines. Both Canada and
the Unfted Shates have auidance
Famewaks for addition of
tilrients taclidihe shosphorus)
in frachwater bodies [COME
2004 USEPR 20ish)

Silver?
G 1B

ey was released and disposad of by eold,
sifver and base metal mines Silver coous

i

shronic expostre to high levels of sitver
cads o sk discoloration In humana
Stlver is not an essentiel nultient. iz
aucimulated by slrae and e feedurs,

{
}

elings
ibles
daily

N drinking wate guid
(a5 drinking water cor
only & small amotnt ¢
fitake of sihvetl,

f oo Biitooey

i 41 20 25 | naturally in rock bt i not abundand. and bt E;;an e .
& ihis i eflocted in the relatively few faciitles | |\ e g
48 sestors: 89 reporting silver releases. euels i biota, but, depending on e FOD. | anyatic e US-3.2 ped acute;
Mining: 23 o may gt hm .ad“:ersa sfiects Hoan bg Canada-0.2% se/l longterm,
aviteld o throuigh iptale though el
focke North American Poliniant Re 135
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Pollutant
and Ranking
{hy 2009-2613
fverage of
Totai Releases
& Transfes

Ranking
&l sertors: 88
Mining: 20

fn-site Mining Releasesf
Hispusals, (Rank by

2009-2513 Average}

Air Water | Lang

Mining-related sources

Thalliom b rare but widespread and may

be proserd I eelpl sulfide ores and coal B
was released malnly by one copner mine and
several oold mines Total thallion releases
way be underestimated as thalliun s only
reported fn the Undted States

Potential efects

Thallium eopasure can cae ey
pinblems, ehannes i blood Kidaeys
and Intestines, and ol loss b humans,
Thallium oy boaccumulate i aquatic
arsanisms and i can be e o fish,
invertelrates and aouatlc plants,

Water quality guittelines

frinkbu water puidelines
8007 med B US o Danadian
itideling,

Guidelines for protection
of aguatic e no US suideline

ding”
G 1B

Ranking:
Al seelars: |
Mintg 1

inc's hish ranking i all catepores of
roleases reflects He ratural abundance i
the envdronent n 2003 98 nercant of ok
emissions, Y percent of water dischianees
and 98 percent of band disposal was fron
gold. sdlver and base metal mines konae
mines and coal mines abo conbihuted i
Zine water discharges 2 disposed of
fand mav e berelepsed o waler s it s
offen 4 companant of acld rock dralhage.

Hine Is essentialin the human diet bt

a5 the main sowce is Houzh Sood, ot
drinking water slevaled sing in water

5 not considered a health concein.
Inhalation of some #ng compounids san be
damaging fo human health, affectng the
Wnps. fine fn water al high concantrations
is anttely lethal to fish becale # cotses
reversible damage fo thelr gills. A et
concentrations, tine blocks uptake of
catclum, leading to calcium deflciency in
fish amsd iverlebrales. Zine also has tosic
effecis on algae.

frinkbu water puidelines
5l for the United Shates
and Canada, hased o

taste and other aestielic
considerations.

Guidelines for protection
of anuatc i

Ha-100 updl actte and
chgonie: Canada-30 el
ngtam.

v Trewsferencia de Contumingntes {RE

TS United Sta

o Jrventory |

T A6 4ak augroerded with
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s Main Mining Pollutants (based on mean annual releases or disposals, zoog-2013)

Air Emissions Water Discharges DisposalfReleases to Land
Pollutant % of total Pollutant % of total Pollutant % of total

Sutfurds acid 3 Smmont

Methanel

Selsnium

fead® 1% fead® 03% Barium” 1%

s componnds,

Additional pollutants of note {with significant total disposals or releases, but not included in the above tables because

they are specific to one or a small number of faciities):

Al 1 ar dust) formed 2% of the total air emissions (2009-2013), but this was all from two
Canadian facilities, an fron ore mine and a gold mine. The high annual average was due to an anormalously large

release to air in 201¢ from the gold mine,

fe formed 3% of the total air emissions (2009-2013), all from three Canadian metal mining and

£y

@&

processing facilities. Emissions are likely to be related to smelters located with the mines {see the note on TRS in
the methodology section).

¢ formed 0.6% of air emissions, mainly from one Canadian nickel mining and smelting facility.

Flusrine formed 19 of total water releases (20092013}, but it was associated with only one facility in 2013, 2

Canadian nioblum mine, where fluorine is a constituent of the are body (Clow et al, 2011}

i large amounts of this substance disposed of on-site by one Canadian nickel

mine in 2009 and 2010 account for it making up 1% of land releases and on-site disposal {2009-2013).
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